SECTI ON 15951A

DI RECT DI G TAL CONTROL FOR HVAC
06/ 98

PART 1 GENERAL

1.

1 REFERENCES
The publications listed below forma part of this specification to the
extent referenced. The publications are referred to in the text by basic
desi gnati on only.

Al R MOVEMENT AND CONTROL ASSOCI ATI ON ( AMCA)
AMCA 500 (11989; Rev994) Test Methods for Louvers,

Danpers and Shutters

AMERI CAN NATI ONAL STANDARDS | NSTI TUTE (ANSI)

ANSI Cl12.1 (1995) Code for Electricity Metering

AVERI CAN SOCI ETY FOR TESTI NG AND MATERI ALS (ASTM

ASTM A 269 (1996) Seam ess and Wel ded Austenitic
Stainless Steel Tubing for General Service

ASTM B 88 (1996) Seanl ess Copper Water Tube

ASTM B 88M (1996) Seam ess Copper Water Tube (Metric)

ASTM D 635 (1997) Rate of Burning and/or Extent and

Ti me of Burning of Self-Supporting Plastics
in a Horizontal Position

ASTM D 1693 (1997a) Environnental Stress-Cracking of
Et hyl ene Pl astics

AVERI CAN SOC| ETY OF HEATI NG, REFRI GERATI NG AND Al R- CONDI TI ONI NG
ENG NEERS ( ASHRAE)

ASME | NTERNATI ONAL ( ASME)

ASME B16. 34 (199; B16.34a) Valves - Flanged, Threaded,
and Wl di ng End

ASME B40. 1 (1991) Gauges - Pressure Indicating Dial
Type - Elastic El enment

ASME BPV VIl Div 1 (1998) Boiler and Pressure Vessel Code;
Section VIIl, Pressure Vessels Division 1 -

Basi ¢ Cover age

ELECTRONI C | NDUSTRI ES ALLI ANCE ( El A)
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ElI A ANSI/EIA TIA 232-F (1991) Interface Between Data Techni cal
Equi pnrent and Data Circuit-Term nating
Equi prent Enpl oyi ng Serial Binary Data
I nt er change
| NSTI TUTE OF ELECTRI CAL AND ELECTRONI CS ENG NEERS (| EEE)

| EEE C62. 41 (1991; R 1995) Surge Voltages in
Low Vol t age AC Power Circuits

| EEE Std 142 (1991) | EEE Recomrended Practice for
Groundi ng of Industrial and Conmerci al
Power Systens
| NSTRUMENT SCOCI ETY OF AMERI CA (I SA)
| SA S7.0.01 (1996) Quality Standard for Instrunent Air

NATI ONAL ELECTRI CAL MANUFACTURERS ASSOCI ATl ON ( NEMR)

NEMA 250 (1991) Enclosures for Electrical Equipnent
(1000 Vol ts Maxi mum

NEMA I CS 1 (1993) Industrial Control and Systens

NEMA ST 1 (1988) Specialty Transfornmers (Except

CGener al - Pur pose Type)
NATI ONAL FI RE PROTECTI ON ASSOCI ATI ON ( NFPA)
NFPA 70 (1999) National Electrical Code

NFPA 90A (1996) Installation of Air Conditioning and
Ventilating Systens

UNDERWRI TERS LABORATORI ES (UL)

UL 94 (1996; Rev thru Jul 1998) Tests for
Flammability of Plastic Materials for Parts
in Devices and Appliances

UL 268A (1998) Snoke Detectors for Duct Application

UL 508 (1993; Rev thru Cct 1997) Industri al
Control Equi prent

UL 555S (1996) Leakage Rated Danpers for Use in
Smoke Control Systens

.2 GENERAL REQUI REMENTS

The direct digital control (DDC) shall be a conplete systemsuitable for
the heating, ventilating and air-conditioning (HVAC) system The | ocal

bui l di ng control s system network nmust be Echel on LONWORKS based on

Echel on's LNS network operating system Al nodes shall comunicate with
each other over a twisted pair of wires, utilizing Echelon's free topol ogy
within a building. LonMaker for Wndows nust be used to design,
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conmm ssion, operate, and nmaintain the nulti-vendor, open, interoperable
LONWORK control network. The current upgrade version of this software will
be turned over to the Fort Hood Control Technol ogy Shop (with ful
docunentation) and license as an operati on and nmi ntenance tool at the tine
of comm ssioning. Each building shall be provided with an iLon 1000 with
full graphic programming to represent the control drawi ngs and system as
described in the contract as an intranet and internet accessible web page
with full access to all control values and set points fromthe intranet or
internet via .htmor .htm formats. Systeminter-operability coordination
is expressly nade a part of the control contractor/integrator's
responsibility to assure that the najor pieces of HVAC equi pnent, ie
chillers, boilers and variable frequency drives, the ilon is conpatible to
produce a functional building to the extent that the contractual contro
drawi ngs and specifications require the interconnection

2.1 Nanepl at es, Lens Caps, and Tags

Nanepl ates and | ens caps bearing | egends as shown and tags bearing

devi ce-uni que identifiers as shown shall have engraved or stanped
characters. A plastic or nmetal tag shall be nmechanically attached directly
to each device or attached by a netal chain or wre.

. 2.2 Verification of D nensions

After becomng famliar with all details of the work, the Contractor shal
verify all dinensions in the field, and shall advise the Contracting
O ficer of any discrepancy before perform ng any work.

. 2.3 Dr awi ngs

Because of the small scale of the drawings, it is not possible to indicate
all offsets, fittings, and accessories that may be required. The
Contractor shall carefully investigate the nechanical, electrical, and
finish conditions that could affect the work to be perforned, shall arrange
such work accordingly, and shall furnish all work necessary to neet such
condi tions.

.2.4 Power - Li ne Surge Protection

Equi pnent connected to ac circuits shall be protected from power-1line
surges. Equi pnent protection shall nmeet the requirenents of | EEE C62. 41.
Fuses shall not be used for surge protection

. 2.5 Surge Protection for Transmitter and Control Wring

DDC system control - panel equi prent shall be protected agai nst surges

i nduced on control and transmtter wiring installed outside and as shown.
The equi pnent protection shall be tested in the normal node and in the
conmon node, using the followi ng two wavef orns:

a. A 10-mcrosecond by 1,000-m crosecond waveformwi th a peak voltage
of 1,500 volts and a peak current of 60 anperes.

b. An eight nicrosecond by 20-m crosecond waveformwi th a peak
vol tage of 1,000 volts and a peak current of 500 anperes.

2.6 System Overall Reliability Requirenent
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The system shall be configured and installed to yield a nean tinme between
failure (MIBF) of at |east 40,000 hours. Each DDC controller shall be
desi gned, configured, installed and programred to provide for stand al one
operation with mnimal performance degradation on failure of other system
conponents to which it is connected or with which it comuni cates.

2.7 DDC System Network Accessibility

Where the systenms to be controlled by the DDC systemare located in
mul ti pl e mechani cal roons, each mechani cal room shall have at |east one
conmuni cati on port for the systemlaptop PC. DDC controllers shall be

| ocated in the same room as the equi pment being controlled or in an

adj acent space which has direct access to the equipnent room A conplete
fiber to copper FTR Router will be located at the network entrance to the
ilon in the building. Fiber Optics will be used for network conmunications
bet ween all buil di ngs.

. 2.8 System Accuracy and Di spl ay

The system shall naintain an end-to-end accuracy for one year from sensor
to operator's console display for the applications specified and shal

di splay the value as specified. Each tenperature shall be displayed and
printed to nearest 0.05 degree C. 0.1 degree F.

.2.8.1 Space Tenperature

Space tenperature with a range of 10 to 30 degrees C 50 to 85 degrees Fplus
or minus 0.5 degrees C 0.75 degree Ffor conditioned space; mnus 1 to plus
55 degrees C 30 to 130 degrees Fplus or minus 0.5 degrees C 1 degree Ffor
uncondi ti oned space.

.2.8.2 Duct Tenperature

Duct tenperature with a range of 5 to 60 degrees C 40 to 140 degrees Fplus
or mnus 1 degree C. 2 degrees F

.2.8.3 Qutside Air Tenperature

Qutside air (QA) tenperature with a range of minus 35 to plus 55 degrees C
mnus 30 to plus 130 degrees F plus or minus 1 degree C, 2 degrees F;, with
a subrange of minus 1 to plus 40 degrees C 30 to 100 degrees F plus or
mnus 0.5 degree C. 1 degree F

.2.8.4 Wat er Tenperature

Water tenperature with a range of mnus 1 to plus 40 degrees C 30 to 100
degrees Fplus or mnus 0.5 degree C, 0.75 degree F;the range of 40 to 120
degrees C 100 to 250 degrees Fplus or mnus 1 degree C

.2.8.5 Hi gh Tenperature

Hi gh tenperature with a range of 100 to 260 degrees C 200 to 500 degrees F
plus or mnus 1 degree C. 2.0 degrees F.

.2.8.6 Rel ative Humidity

Rel ative humidity, within a range of 20 to 80 percent, plus or mnus 6.0
percent of range (display and print to nearest 1.0 percent).
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1.2.8.7 Pressure

Pressure with a range for the specific application plus or mnus 2.0
percent of range display and print to nearest kPa.

1.2.8.8 Fl ow
Flow with a range for the specific application plus or mnus 3.0 percent of
range, and flows for the purpose of thermal calculations to plus or mnus

2.0 percent of actual flow (display and print to nearest unit, such as
liters per second). gallons per mnute).

1.2.8.9 Anal og Val ue I nput
An anal og value input to the systenm s equipnment via an Al with a maxi nrum
error of 0.50 percent of range, not including the sensor or transnmitter
error. This accuracy shall be nmaintained over the specified environmental
condi tions.

1.3 SUBM TTALS
Government approval is required for submttals with a "G' designation;
submittals not having a "G' designation are for information only. Wen
used, a designation following the "G' designation identifies the office

that will review the subnmittal for the Governnent. The follow ng shall be
submitted in accordance with Section 01330 SUBM TTAL PROCEDURES:

SD- 02 Shop Drawi ngs
HVAC Control System G RE
Drawi ngs shall be on Al (841 by 594 nmm) 34 by 22 inchsheets in
the formand arrangenent shown. The draw ngs shall use the sane
abbrevi ati ons, synbols, nomenclature and identifiers shown. Each
control systemelenment on a drawi ng shall have a unique identifier
as shown. The HVAC Control System Draw ngs shall be delivered
together as a conplete submttal. Deviations nust be approved by
the Contracting Officer. Drawi ngs shall be submitted along with
Subnmittal SD- 03, Product Data.
a. HVAC Control System Drawi ngs shall include the foll ow ng:
Sheet One: Drawi ng Index, HVAC Control System Legend.
Sheet Two: Val ve Schedul e, Danper Schedul e.
Sheet Three: Control System Schenatic and Equi pnent Schedul e.

Sheet Four: Sequence of Operation and Data Terminal Strip
Layout .

Sheet Five: Control Loop Wring D agrans.
Sheet Six: Mtor Starter and Relay Wring D agram

Sheet Seven: Communication Network and Bl ock Di agram
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Sheet Eight: DDC Panel Installation and Bl ock Di agram
(Repeat Sheets Three through Six for each HVAC System)

b. The HVAC Control System Drawi ng I ndex shall show the nane and
nunber of the building, mlitary site, State or other simlar
designation, and Country. The Drawi ng | ndex shall |ist HVAC
Control System Drawi ngs, including the draw ng nunber, sheet
nunber, drawing title, and conmputer filename when used. The HVAC
Control System Legend shall show generic synbols and the nane of
devi ces shown on the HVAC Control System Draw ngs.

c. The valve schedul e shall include each valve's uni que
identifier, size, flow coefficient KvCv, pressure drop at specified
flow rate, spring range, actuator size, close-off pressure data,

di mensi ons, and access and cl earance requirements data. Valve
schedul es may be submitted in advance but shall be included in the
conpl ete subm ttal

d. The damper schedul e shall contain each danper's and each
actuator's identifier, noninal and actual sizes, orientation of
axis and frane, direction of blade rotation, spring ranges,
operation rate, locations of actuators and danper end sw tches,
arrangenent of sections in nmulti-section danpers, and net hods of
connecti ng danmpers, actuators, and |linkages. The Danper Schedul e
shal | include the maxi num | eakage rate at the operating
static-pressure differential. The Danper Schedul e shall contain
actuator selection data supported by cal cul ations of the torque
required to nove and seal the danpers, access and cl earance
requi renents. Danper schedul es may be subnmitted in advance but
shall be included in the conplete submttal.

e. The HVAC control system schematics shall be in the form
shown, and shall show all control and mechani cal devices associ ated
with the HVAC system A system schematic drawi ng shall be
subm tted for each HVAC system

f. The HVAC control system equi pnent Schedul e shall be in the
formshown. All devices shown on the draw ngs havi ng uni que
identifiers shall be referenced in the equi pnent schedul e.
Information to be included in the equipnent schedul e shall be the
control | oop, device unique identifier, device function, setpoint,
i nput range, and additional inportant paraneters (i.e., output
range). An equi prment schedul e shall be submitted for each HVAC
system

g. The HVAC control system sequence of operation shall reflect
the |l anguage and format of this specification, and shall refer to
the devices by their unique identifiers as shown. No operationa
devi ations from specified sequences will be permtted w thout prior
witten approval of the Contracting O ficer. Sequences of
operation shall be submtted for each HVAC control system

h. The HVAC control systemwi ring diagrans shall be functiona
Wi ring diagrans which show the interconnection of conductors and
cables to HVAC control panel termnal blocks and to the identified
term nal s of devices, starters and package equi prment. The wring
di agranms shall show necessary junmpers and ground connections. The
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wi ring diagrans shall show the |abels of all conductors. Sources
of power required for HVAC control systens and for packaged

equi prent control systenms shall be identified back to the pane
board circuit breaker nunber, HVAC system control panel, nagnetic
starter, or packaged equi pnent control circuit. Each power supply
and transforner not integral to a controller, starter, or packaged
equi prent shall be shown. The connected volt-anpere |oad and the
power supply volt-anpere rating shall be shown. Wring diagrans
shall be submitted for each HVAC control system

SD- 03 Product Data
Service Organi zations; G RE

Six copies of a list of service organizations qualified to
service the HVAC control system The list shall include the
service organi zati on name, address, technical point of contact and
t el ephone nunber, and contractual point of contact and tel ephone
nunber .

Equi prent Conpl i ance Booklet; G RE

The HVAC Control System Equi prrent Conpl i ance Bookl et (ECB) shal
be in booklet form and indexed, wth nunbered tabs separating the
i nformati on on each device. It shall consist of, but not be
limted to, data sheets and catal og cuts which docunent conpliance
of all devices and conponents with the specifications. The ECB
shal | be indexed in al phabetical order by the unique identifiers.
Devi ces and conponents whi ch do not have unique identifiers shal
foll ow the devices and components with unique identifiers and shal
be i ndexed in al phabetical order according to their functiona
name. The ECB shall include a Bill of Miterials for each HVAC
Control System The Bill of Materials shall function as the Table
of Contents for the ECB and shall include the device's unique
identifier, device function, manufacturer, nodel/part/catal og
nunber used for ordering, and tab nunber where the device
information is located in the ECB. The ECB shall be subnmitted
along with Submittal SD-02, Shop Draw ngs.

Conmi ssi oni ng Procedur es;

Si x copies of the HVAC control system comi ssioning procedures,
i n bookl et form and i ndexed, 60 days prior to the schedul ed start
of comm ssioning. Comm ssioning procedures shall be provided for
each HVAC control system and for each type of terminal unit
control system The Comm ssioning procedures shall reflect the
format and | anguage of this specification, and refer to devices hy
their unique identifiers as shown. The Commi ssioni ng procedures
shal |l be specific for each HVAC system and shall give detailed
st ep- by-step procedures for comm ssioning of the system.

a. The Conmi ssioning procedures shall include detailed, product
specific set-up procedures, configuration procedures, adjustnent
procedures, and calibration procedures for each device. Were the
det ai |l ed product specific conm ssioning procedures are included in
manuf acturer supplied manuals, reference may be made in the HVAC
control system comm ssioning procedures to the manual s.
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b. An HVAC control system comm ssioning procedures equi pnent
list shall be included that lists the equiprment to be used to
acconpl i sh commi ssioning. The list shall include manufacturer
nanme, nodel nunber, equiprment function, the date of the |atest
calibration, and the results of the |atest calibration

Perf ormance Verification Test Procedures;

Si x copies of the HVAC Control System Performance Verification
Test Procedures, in booklet form and i ndexed, 60 days before the
Contractor's schedul ed test dates. The perfornmance verification
test procedures shall refer to the devices by their unique
identifiers as shown, shall explain, step-by-step, the actions and
expected results that will denonstrate that the HVAC control system
performs in accordance with the sequences of operation, and other
contract documents. An HVAC control system performance
verification test equipnment list shall be included that lists the
equi pnment to be used during performance verification testing. The
list shall include manufacturer nane, nodel nunber, equi pnent
function, the date of the latest calibration, and the results of
the I atest calibration.

Tr ai ni ng;

An outline for the HVAC control systemtraining course with a
proposed tinme schedule. Approval of the planned training schedule
shall be obtained fromthe Governnent at |east 60 days prior to the
start of the training. Six copies of HVAC control systemtraining
course material 30 days prior to the schedul ed start of the
training course. The training course material shall include the
operation manual, mmintenance and repair manual, and paper copies
of overheads used in the course.

SD- 06 Test Reports
Conmi ssi oni ng Report;

Si x copies of the HVAC Control System Comi ssioning Report, in
bookl et form and i ndexed, within 30 days after conpletion of the
system conm ssi oning. The conmm ssioning report shall include data
col l ected during the HVAC control system conm ssioning procedures
and shall follow the format of the conmm ssioning procedures. The
conmi ssioning report shall include all configuration checksheets
with final values listed for all paraneters, setpoints, P, I, D
setting constants, calibration data for all devices, results of
adjustnents, and results of testing.

Per f ormance Verification Test;

Si x copies of the HVAC Control System Performance Verification
Test Report, in booklet formand indexed, within 30 days after
conpletion of the test. The HVAC control system performance
verification test report shall include data collected during the
HVAC control system perfornance verification test. The origina
copies of all data gathered during the performance verification
test shall be turned over to the CGovernment after Governnent
approval of the test results.
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SD- 10 Operation and Mi ntenance Data

Oper ati on Manual ;
Mai nt enance and Repair Manual

Si x copies of the HVAC Control System Operation Manual and HVAC
Control System Mai ntenance and Repair Mnual, for each HVAC contro
system 30 days before the date scheduled for the training course.

4 DELI VERY AND STORACGE

Products shall be stored with protection fromthe weather, humdity and
tenperature variations, dirt and dust, and other contam nants, within the
storage condition limts published by the equi prent manufacturer. Danpers
shall be stored so that seal integrity, blade alignment and frame alignnment
are mai nt ai ned.

.5 OPERATI ON MANUAL

An HVAC control system operation manual in indexed booklet formshall be
provi ded for each HVAC control system The operation manual shall include
the HVAC control system sequence of operation, and procedures for the HVAC
system start-up, operation and shut-down. The operation manual shal

i nclude as-built HVAC control systemdetail drawi ngs. The operation manual
shall include the as-built configuration checksheets, the procedures for
changi ng HVAC control system setpoints, and the procedures for placing HVAC
systemcontrollers in the manual control node.

a. The procedures for changi ng HVAC control system setpoints shal
descri be the step-by-step procedures required to change the process
vari abl e setpoints, the alarmsetpoints, the bias settings, and setpoint
reset schedul es.

b. The procedures for placing HVAC systemcontrollers in the manua
control node shall describe step-by-step procedures required to obtain
manual control of each controlled device and to nanually adjust their
posi tions.

.6 MAI NTENANCE AND REPAI R MANUAL

An HVAC control system mai ntenance and repair manual in indexed bookl et
formin hardback binders shall be provided for each HVAC control system
The mai ntenance and repair nmanual shall include the routine naintenance
checklist, a recomrended repair nmethods list, a list of recommended

mai nt enance and repair tools, the qualified service organization list, the
as-built comm ssioning procedures and report, the as-built performance
verification test procedures and report, and the as-built equipnent data
bookl et .

a. The routine naintenance checklist shall be arranged in a col umar
format. The first colum shall list all devices listed in the equi pnent
conpl i ance bookl et, the second columm shall state the maintenance activity
or state no nmai ntenance required, the third colum shall state the
frequency of the maintenance activity, and the fourth colum for additiona
coments or reference.

b. The recomended repair nethods list shall be arranged in a
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columar format and shall list all devices in the equi pnment data conpliance
bookl et and state the gui dance on recomended repair methods, either field
repair, factory repair, or whole-itemrepl acenent.

c. The as-built equipnent data booklet shall include the equi pnent
conpl i ance bookl et and manufacturer supplied user nmanual s and infornation.

d. |If the operation manual and the mai ntenance and repair nmanual are
provided in a comon volume, they shall be clearly differentiated and
separately i ndexed.

.7 MAI NTENANCE AND SERVI CE

Services, materials and equi pnent shall be provided as necessary to
maintain the entire systemin an operational state as specified for a
peri od of one year after successful conpletion and acceptance of the
Performance Verification Test. Inpacts on facility operations shall be
m ni m zed.

.7.1 Description of Wirk

The adjustnent and repair of the systemshall include the manufacturer's
requi red adjustnents of conputer equipnent, software updates, transm ssion
equi prent and i nstrunentati on and control devices.

.7.2 Per sonne

Servi ce personnel shall be qualified to acconplish work pronptly and
satisfactorily. The Governnent shall be advised in witing of the nane of
the designated service representative, and of any changes in personnel

. 7.3 Schedul ed | nspecti ons

Two inspections shall be performed at six-nmonth intervals (or less if
requi red by the manufacturer), and all work required shall be perforned.
I nspections shall be scheduled in June and Decenber. These inspections
shal | incl ude:

a. Visual checks and operational tests of equipment.
b. Fan checks and filter changes for control system equipnent.

c. Cean control system equipnent including interior and exterior
surfaces.

d. Check and calibrate each field device. Check and calibrate 50
percent of the total analog points during the first inspection. Check and
calibrate the renmi ning 50 percent of the anal og points during the second
maj or i nspection. Certify analog test instrumentation accuracy to be tw ce
that of the device being calibrated. Randomy check at |east 25 percent of
all digital points for proper operation during the first inspection
Randomy check at |east 25 percent of the remaining digital points during
the second inspection.

e. Run system software diagnostics and correct diagnosed probl ens.

f. Resolve any previous outstandi ng problens.
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7.4 Schedul ed Wr k

This work shall be perfornmed during regular working hours, Mnday through
Fri day, excluding |egal holidays.

.7.5 Ener gency Servi ce

The Governnment will initiate service calls when the systemis not
functioning properly. Qualified personnel shall be available to provide
service to the system A tel ephone nunber where the service supervisor can
be reached at all tinmes shall be provided. Service personnel shall be at
the site within 24 hours after receiving a request for service. The
control systemshall be restored to proper operating condition within three
cal endar days after receiving a request for service

.7.6 Qperation

Schedul ed adjustnments and repairs shall include verification of the contro
system operation as denonstrated by the applicable tests of the performance
verification test.

.77 Records and Logs

Dat ed records and | ogs shall be kept of each task, with cumnul ative records
for each major conmponent, and for the conplete systemchronologically. A
continuous | og shall be maintained for all devices. The log shall contain
initial anal og span and zero calibration values and digital points.

Conpl ete | ogs shall be kept and shall be available for inspection onsite,
denonstrating that planned and systenmatic adjustnments and repairs have been
accompl i shed for the control system

.7.8 Wor k Request s

Each service call request shall be recorded as received and shall include
the serial nunber identifying the conmponent involved, its location, date
and tinme the call was received, nature of trouble, nanmes of the service
personnel assigned to the task, instructions describing what has to be
done, the anount and nature of the nmaterials to be used, the tine and date
work started, and the tine and date of conpletion. A record of the work
performed shall be submitted within 5 days after work is acconpli shed.

.7.9 System Modi fications

Recomendati ons for system nodification shall be submitted in witing. No
system nodi fi cations, including operating paranmeters and control settings,
shal | be nade wi thout prior approval of the Governnent. Any nodifications
made to the systemshall be incorporated into the operations and

mai nt enance manual s, and ot her documentation affected.

.7.10 Sof t war e

Updates to the software shall be provided for system operating and
application software, and operation in the systemshall be verified.
Updates shall be incorporated into operations and mai nt enance manual s, and
sof tware docunentation. There shall be at |east one schedul ed update near
the end of the first year's warranty period, at which tine the | atest

rel eased version of the Contractor's software shall be installed and
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val i dat ed

PART 2 PRODUCTS

2.

1 GENERAL EQUI PMENT REQUI REMENTS

Units of the sane type of equipnent shall be products of a single

manuf acturer. Each maj or conponent of equi pnent shall have the

manuf acturer's name and address, and the nodel and serial nunber in a
conspi cuous place. Materials and equi pnrent shall be standard products of a
manuf acturer regularly engaged in the manufacturing of such products, which
are of a simlar material, design and workmanshi p. The standard products
shal | have been in a satisfactory commercial or industrial use for two
years prior to use on this project. The two years' use shall include
applications of equipnment and materials under simlar circunstances and of
simlar size. The two years' experience shall be satisfactorily conpl eted
by a product which has been sold or is offered for sale on the conmerci al
mar ket through advertisenents, manufacturers' catal ogs, or brochures.
Products having |l ess than a two-year field service record will be
acceptable if a certified record of satisfactory field operation, for not

| ess than 6,000 hours exclusive of the nmanufacturer's factory tests, can be
shown. The equi pnent itens shall be supported by a service organi zation
Items of the sanme type and purpose shall be identical, including equipnent,
assenblies, parts and conponents. Automatic tenperature controls shall be
direct digital controls that will provide the required sequence of
operation.

1.1 El ectrical and El ectroni c Devices

El ectrical, electronic, and el ectropneunatic devices not |located within a
DDC panel shall have a NEMA ICS 1 enclosure in accordance with NEVA 250
unl ess ot herw se shown.

1.2 Standard Signal s

Except for air distribution termnal unit control equi pnent, the output of
all analog transmitters and the anal og i nput and output of all DDC
controllers shall be 4-to0-20 mAdc signals. The signal shall originate from
current-sourcing devices and shall be received by current-sinking devices.

. 1.3 Anbi ent Tenperature Limts

DDC panel s shall have anbient condition ratings of 1.7 to 49 degrees C 35
to 120 degrees Fand 10 to 95 percent relative humidity, noncondensing.
Devi ces installed outdoors shall operate within linmit ratings of mnus 37
to plus 66 degrees C. mnus 35 to plus 150 degrees F. Instrunentation and
control elenments shall be rated for continuous operation under the anbient
environnental tenperature, pressure, humdity, and vibration conditions
specified or normally encountered for the installed | ocation

.1.4 Year 2000 Conpli ance

Al'l equi prent and software shall be Year 2000 conpliant and shall be able
to accurately process date/tine data (including, but not limted to,

cal cul ati ng, conparing, and sequencing) from into, and between the
twentieth and twenty-first centuries, including | eap year calcul ati ons,
when used in accordance with the product docunentation provided by the
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contractor, provided that all products (e.g. hardware, software, firmare)
used in conbination with other information technol ogy, shall accurately
process date/tine data if other information technol ogy properly exchanges
date/tine data with it.

.2 W RI NG
.2.1 Term nal Bl ocks

Term nal bl ocks shall be insul ated, nodul ar, feed-through, clanp style with
recessed captive screwtype clanping mechanism shall be suitable for rai
nmounting, and shall have end plates and partition plates for separation or
shal | have encl osed si des.

.2.2 Control Wring for 24-Volt Grcuits

Control wiring for 24-volt circuits shall be 18 AWG mi ni mum stranded
copper and shall be rated for 300-volt service.

. 2.3 Wring for 120-Volt Circuits

Wring for 120-volt circuits shall be 18 AW m ni nrum stranded copper and
shall be rated for 600-volt service.

.2.4 | nstrunentati on Cabl e

I nstrument ati on cable shall be 18 AWG stranded copper, single- or

mul tiple-twi sted, m nimum 50 mm 2 inchlay of tw st, 100 percent shiel ded
pairs, and shall have a 300-volt insulation. Each pair shall have a 20 AWG
tinned-copper drain wire and individual overall pair insulation. Cables
shal | have an overall al um num pol yester or tinned-copper cabl e-shield
tape, overall 20 AWG tinned-copper cable drain wire, and overall cable

i nsul ation.

.2.5 Transf orners

Step down transformers shall be utilized where control equi pment operates
at lower than line circuit voltage. Transforners, other than transforners
in bridge circuits, shall have prinaries wound for the voltage avail able
and secondaries wound for the correct control circuit voltage. Transformer
shal | be sized so that the connected |oad is 80 percent of the rated
capacity or less. Transformers shall conformto UL 508 and NEMA ST 1.

.3  ACTUATORS

Actuators shall electric or electronic as shown and shall be provided with
nounting and connecting hardware. Actuators shall fail to their
spring-return positions on signal or power failure. The actuator stroke
shall be limted in the direction of power stroke by an adjustable stop
Actuators shall have a visible position indicator. Actuators shal

snoot hly open or close the devices to which they are applied and shall have
a full stroke response tine of 90 seconds or less. Electric actuators
shall have an oil-imersed gear train. Electric or electronic actuators
operating in series shall have an auxiliary actuator driver. Electric or
el ectroni c actuators used in sequencing applications shall have an
adj ust abl e operating range and start point.
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2.

3.1 Val ve Actuators

Val ve actuators shall be selected to provide a m ni mum of 125 percent of
the notive power necessary to operate the valve over its full range of
operation.

.4 AUTOVATI C CONTRCL VALVES

Val ves shal |l have stainless-steel stens and stuffing boxes wth extended
necks to clear the piping insulation. Unless otherw se stated, valves
shal | have gl obe style bodies. Valve bodies shall be designed for not |ess
than 862 kPa 125 psigworking pressure or 150 percent of the system
operating pressure, whichever is greater. Valve |eakage rating shall be
0.01 percent of rated KvCv. Unless otherw se specified, bodies for valves
40 mm 1-1/2 inchesand snaller shall be brass or bronze, with threaded or
uni on ends; bodies for 50 nm 2 inchval ves shall have threaded ends; and
bodi es for valves 50 to 80 mm 2 to 3 inches shall be of brass, bronze or
iron. Bodies for valves 65 nm 2-1/2 inchesand | arger shall be provided

wi th flanged-end connections. Valve Kv Cvshall be within 100 to 125
percent of the Kv Cvshown.

4.1 Butterfly Val ve Assenbly

Butterfly val ves shall be threaded lug type suitable for dead-end service
and nodul ation to the fully-closed position, with carbon-steel bodies and
noncorrosi ve di scs, stainless steel shafts supported by bearings, and EPDM
seats suitable for tenperatures frommnus 29 to plus 121 degrees C. ninus
20 to plus 250 degrees F. Valves shall have a manual neans of operation

i ndependent of the actuator. The rated Kv Cvfor butterfly valves shall be
the value KvCv at 70% open (60 degrees open).

. 4.2 Two- Wy Val ves

Two-way nodul ati ng val ves shall have equal - percentage characteristics

. 4.3 Thr ee- Wy Val ves

Three-way val ves shall provide linear flow control with constant total flow
t hroughout full plug travel.

.4. 4 Fan Coil Unit Val ves

Control valves with either flare-type or solder-type ends shall be provided
for duct or termnal-unit coils. Flare nuts shall be furnished for each
flare-type end val ve.

.4.5 Val ves for Chill ed-Water Service

Internal valve trimshall be bronze except that valve stens may be type 316
stainless steel. Valve Kv Cvshall be within 100 to 125 percent of the Kv Cv
shown. Valves 100 nmm 4 inchesand | arger shall be butterfly.

.4.6 Val ves for Hot-Water Service

For hot water service bel ow 122 degrees C250 degrees F, internal trim
(including seats, seat rings, nodul ating plugs, and springs) 210 degrees F
shal |l be Type 316 stainless steel. Nonnetallic parts of hot-water contro
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val ves shall be suitable for a mnimum continuous operating tenperature of
121 degrees C 250 degrees For 28 degrees C 50 degrees Fabove the system
desi gn tenperature, whichever is higher. Valves 100 mm 4 inches and | arger
shal |l be butterfly val ves.

.5 DAMPERS
.5.1 Danper Assenbly

A singl e danper section shall have bl ades no longer than 1.2 neters 48

i nchesand shall be no higher than 1.8 nmeters. 72 inches. Mxi mum danper

bl ade wi dth shall be 203 mm 8 inches. Larger sizes shall be made froma
conbi nati on of sections. Danpers shall be steel, or other naterials where
shown. Flat bl ades shall be made rigid by folding the edges.

Bl ade-operating |inkages shall be within the frame so that bl ade-connecting
devices within the same danper section shall not be |ocated directly in the
air stream Danper axles shall be 13 nm 0.5 inchm nimum plated steel rods
supported in the danper frane by stainless steel or bronze bearings.

Bl ades nounted vertically shall be supported by thrust bearings. Pressure
drop through danpers shall not exceed 10 Pa 0.04 inch water gaugeat 5.1 m's
1,000 feet per mnute in the wide-open position. Frames shall not be |ess
than 50 nm 2 inchesin width. Danpers shall be tested in accordance with
AMCA Std 500.

.5.2 Operating Links

perating |inks external to danpers, such as crankarns, connecting rods,
and line shafting for transmitting notion from danper actuators to danpers,
shall withstand a | oad equal to at |east tw ce the maximumrequired
danper-operating force. Rod |lengths shall be adjustable. Links shall be
brass, bronze, zinc-coated steel, or stainless steel. W rking parts of
joints and cl evises shall be brass, bronze, or stainless steel

Adj ust ments of crankarns shall control the open and cl osed positions of
danpers.

.5.3 Damper Types
Danpers shall be parallel-blade type.
.5.3.1 Qutside Air, Return Air, and Relief Air Danpers

Qutside air, return air and relief air danpers shall be provided where
shown. Bl ades shall have interlocking edges and shall be provided with
conpressi bl e seals at points of contact. The channel franes of the danpers
shal | be provided with janb seals to minimze air |eakage. Danpers shal

not leak in excess of 102 L/s per square neter 20 cfm per square footat
1017 Pa 4 inches water gaugestatic pressure when closed. Seals shall be
suitable for an operating tenperature range of mnus 40 to plus 94 degrees
C. minus 40 to plus 200 degrees F. Danpers shall be rated at not |ess than
10 ms 2,000 feet per minuteair velocity.

.5.3.2 Mechani cal and El ectrical Space Ventil ation Danpers
Mechani cal and el ectrical space ventilation danpers shall be as shown.
Danpers shall not |eak in excess of 406 L/s per square neter 80 cfm square

footat 1017 Pa 4 inches water gauge static pressure when closed. Danpers
shall be rated at not less than 7.6 m's 1,500 feet per nminuteair velocity.
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2.6 SMOKE DETECTORS

Duct smoke detectors shall be provided in supply air ducts in accordance
with NFPA 90A. Duct smoke detectors shall conformto the requirenents of
UL 268A. Duct snoke detectors shall have perforated sanpling tubes
extended into the air duct. Detector circuitry shall be nounted in a
metallic enclosure exterior to the duct. Detectors shall have manual
reset. Detectors shall be rated for air velocities that include air flows
between 2.5 and 20 m's. [500 and 4000] [__ ] fpm Detectors shall be
powered fromthe HVAC control panel. Detectors shall have two sets of
normal Iy open alarmcontacts and two sets of nornmally closed al arm
contacts. Detectors shall be connected to the building fire al arm pane
for alarminitiation. A renmpbte annunciation |anp and accessible renote
reset switch shall be provided for duct detectors that are nmounted ei ght
feet or nore above the finished floor and for detectors that are not
readily visible. Renote |lanps and switches as well as the affected fan
units shall be properly identified in etched rigid plastic placards.

2.7 | NSTRUVENTATI ON
2.7.1 Measur enent s

Transmitters shall be calibrated to provide the foll owi ng measurements
over the indicated ranges, for an output of 4 to 20 mAdc:

a. Conditioned space tenperature, from 10 to 30 degrees C50 to 85
degrees F.

b. Duct tenperature, from5 to 60 degrees C40 to 140 degrees F.
c. Chilled-water tenperature, frommnus 1 to plus 38 degrees C

d. Heating hot-water tenperature, from10 to 121 degrees C50 to 250
degrees F.

e. Condenser-water tenperature, frommnus 1 to plus 55 degrees C30
to 130 degrees F.

f. Qutside-air tenperature, frommnus 35 to plus 55 degrees Cni nus
30 to 130 degrees F

2.7.2 Tenperature Instrunments
2.7.2.1 Resi st ance Tenperature Detectors (RTD)

Tenperature sensors shall be 100 ohns 3- or 4-wire RTD. Each RTD shall be
platinumwi th a tol erance of 0.30 degrees C 0.54 degrees Fat 0 degrees C 32
degrees Fwith a tenmperature coefficient of resistance (TCR) of .00385

ohnms/ ohnideg C . 00214 ohms/ ohnf deg Fand shall be encapsul ated in epoxy,
series 300 stainless steel, anodized al um num or copper. RID for chilled
wat er storage tank shall be equi pped and seal ed for sunbersible type
application. Each RTD shall be furnished with an RTD transmtter as
specified, integrally nounted unl ess ot herw se shown.

2.7.2.2 Cont i nuous Averagi ng RTD

Conti nuous averagi ng RTDs shall have a tol erance of plus or mnus 0.5
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degrees C 1.0 degree Fat the reference tenperature, and shall be of
sufficient length to ensure that the resistance represents an average over
the cross section in which it is installed. The sensing el enment shall have
a bendabl e copper sheath. Each averagi ng RTD shall be furnished with an
RTD transmitter to match the resistance range of the averagi ng RTD.

.7.2.3 RTD Transm tter

The RTD transmitter shall match the resistance range of the RTD. The
transmtter shall be a two-wire, |oop powered device. The transnmitter
shal | produce a linear 4-to0-20 mAdc out put corresponding to the required
tenmperature neasurenent. The output error shall not exceed 0.1 percent of
the calibrated nmeasurement.

.7.3 Ther mowel | s

Thernowel | s shall be Series 300 stainless steel with threaded brass plug
and chain, 50 mm 2 inchlaggi ng neck and extension type well. Inside
di aneter and insertion length shall be as required for the application

.7.4 Sunshi el ds

Sunshi el ds for outside air tenperature sensing elenments shall prevent the
sun fromdirectly striking the tenperature sensing elenments. The
sunshi el ds shall be provided with adequate ventilation so that the sensing
el enent responds to the anmbient tenperature of the surroundings. The top
of each sunshield shall have a gal vani zed netal rainshield projecting over
the face of the sunshield. The sunshields shall be painted white.

. 7.5 Differential Pressure |Instrunents

The instrunent shall be a pressure transnitter with an integral sensing
element. The instrunent over pressure rating shall be 300 percent of the
operating pressure. The sensor/transnmitter assenbly accuracy shall be plus
or minus two percent of full scale. The transmitter shall be a two-wre,

| oop- powered device. The transmitter shall produce a linear 4-to-20 mAdc
out put corresponding to the required pressure neasurenent.

. 8 THERMOSTATS

Ther nost at ranges shall be selected so that the setpoint is adjustable
wi t hout tools between plus or minus 5 degrees C 10 degrees Fof the setpoint
shown. Thernostats shall be electronic or electric.

.8.1 Nonnodul ati ng Room Ther nost at s

Cont acts shall be single-pole double-throw (SPDT), hernetically seal ed, and
wired to identified termnals. Mximumdifferential shall be 3 degrees C
5 degrees F. Roomthernostats shall be enclosed with separate | ocking
covers (guards).

.8.2 Modul ati ng Room Ther nost ats
Modul ati ng roomthernostats shall have either one output signal, two output
signals operating in unison, or two output signals operating in sequence,

as required for the application. Each thernostat shall have an adjustabl e
throttling range of 2 to 4 degrees C 4 to 8 degrees Ffor each output. Room
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thernostats shall be enclosed with separate | ocking covers (guards).
.8.3 Nonmodul ating Capillary Thernostats and Aquastats

Each thernostat shall have a capillary length of at |east 1500 mmb feet,
shal | have adjustable direct-reading scales for both setpoint and
differential, and shall have a differential adjustable from3 to 9 degrees
C. 6 to 16 degrees F. Aquastats shall be of the strap on type, with 5
degrees C 10 degrees Ffixed differential

.8.4 Freezestats

Freezestats shall be manual reset, |ow tenperature safety thernostats, wth
NO and NC contacts and a 6000 mm 20 footel enrent which shall respond to the
col dest 450 mm 18 i nchsegment.

.8.5 Modul ating Capillary Thernostats

Each thernostat shall have either one output signal, two output signals
operating in unison, or two output signals operating in sequence, as
required for the application. Thernostats shall have adjustable throttling
ranges of 2 to 4 degrees C 4 to 8 degrees Ffor each output.

.8.6 Fan-Coil Unit Room Thernpstats

Fan-coil unit thernostats in personnel |iving spaces shall be of the | ow
voltage type with locking covers. Electrical rating shall not exceed 2.5
anperes at 30 volts ac. Housing shall be corrosion resisting netal or

nol ded plastic. Transformer and fan relay shall be provided for the proper
operation of each thernostatic control system as necessary to suit the
design of the control systemusing the thernostats specified below. Either
separate heating thernostats and separate cooling thernobstats or dua

el ement heating cooling thernbstats may be provided. Mtor speed swi tches
shal |l be provided for three-speed fan control

.8.6.1 Heat i ng Ther nost at

Fan-coil heating thernostats shall be provided with fixed heat anticipation
and shall have a single-pole, single-throw (SPST) switch hernetically
seal ed and actuated by a bimetallic or bellows type element. Thernostats
shal |l be provided with external tenperature setting devices with a factory
set maxi mum of 22 degrees C. [72] [68] degrees F.Heating thernostats shal
have an adjustable range of at |east 7 degrees bel ow 22 degrees C. 13
degrees below [ 72] [68] degrees F

.8.6.2 Cool i ng Ther npst at

Fan-coil cooling thernmostats shall be provided with fixed cooling
anticipation heater and shall have a single-pole, single-throw (SPST)
switch hernetically sealed and actuated by a binetallic or bell ows type
el ement. Thernostats shall be provided with external tenperature setting
devices with a factory set m ni num of 25 degrees C. 78 degrees F. Cooling
thernmostats shall have an adjustable range of at |east 4 degrees above 25
degrees C. 7 degrees above 78 degrees F.

2.8.6.3 Conbi nati on Ther nost at
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Fan coil unit comnbination heating-cooling thernostats shall be provided
with separate tenperature sensing elenents for each system and shall have
a single-pole, single-throw (SPST) switch, hernetically seal ed and actuated
by a binetallic or bellows type elenent. Each elenent shall operate
switches to provide single stage control for heating and cooling. Scales
and ranges shall be as specified for individual thernmostats. Thernostats
shal |l contain, or a subbase shall be provided which contains, selector
switches for Heat-Of-Cool. A limted range heating-cooling dead band
thernmostat shall control cooling when tenperature is above the upper
setpoint and heating when tenperature is below the | ower setpoint and shal
have a dead band, with no heating or cooling, when tenperature is between
the setpoints. Setpoint adjustnent shall be conceal ed.

.9 PRESSURE SW TCHES
.9.1 Differential -Pressure Sw tches

Each switch shall be an adjustabl e di aphragm operated device with two SPDT
contacts, with taps for sensing lines to be connected to duct pressure
fittings designed to sense air pressure. These fittings shall be of the
angled-tip type with tips pointing into the air stream The setpoint shal
not be in the upper or |lower quarters of the range and the range shall not
be nore than three tines the setpoint. Differential shall be a maximum of
35 Pa0. 15 inch water gauge at the | ow end of the range and 85 Pa 0.35 inch
wat er gaugeat the high end of the range.

.10 | NDI CATI NG DEVI CES

11,1 Ther nonet er s

.10.1.1 Pi pi ng System Ther nonet ers

Pi pi ng systemthernoneters shall have brass, malleable iron or alum num
all oy case and frame, clear protective face, permanently stabilized gl ass
tube with indicating-fluid colum, white face, black nunbers, and a 230 mm
9 inch scale. Thernonmeters for piping systens shall have rigid stens with
straight, angular, or inclined pattern

.10.1.2 Pi pi ng System Thernoneter Stens

Ther noneter stens shall have expansion heads as required to prevent
breakage at extreme tenperatures. On rigid-stemthernoneters, the space
bet ween bulb and stemshall be filled with a heat-transfer nedi um

.10.1.3 Nonaver agi ng Air-Duct Thernoneters

Air-duct thernometers shall have perforated stem guards and 45-degree
adj ust abl e duct flanges with | ocking mechani sm

.10.1.4 Averaging Air-Duct Thernoneters

Aver agi ng thernmoneters shall have a 90 nm 3-1/2 inch(nomnal) dial, with
bl ack | egend on white background, and pointer traveling through a

270- degree arc.

.10.1.5 Accur acy
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Thernoneters shall have an accuracy of plus or minus one percent of scale
range. Thernmonmeters shall have a range suitable for the application

.10. 2 Pressure Gauges

Gauges shall be 50 mMmm 2 inch(nom nal) size, back connected, suitable for
field or panel nounting as required, shall have black | egend on white
background, and shall have a pointer traveling through a 270-degree arc.
Accuracy shall be plus or mnus three percent of scale range. Gauges shal
nmeet requirenments of ASME B40. 1.

.10.2.1 Hydroni ¢ System Gauges

Gauges for hydronic system applications shall have ranges and graduati ons
as shown.

.10.3 Low Differential Pressure Gauges

Gauges for low differential pressure nmeasurenments shall be a mini nrumof 90
mm 3.5 inch(nomnal) size with two sets of pressure taps, and shall have a
di aphragm actuated pointer, white dial with black figures, and pointer zero
adj ustment. Gauges shall have ranges and graduati ons as shown. Accuracy
shal |l be plus or ninus two percent of scal e range.

.11  CONTROL DEVI CES AND ACCESSORI ES
L1101 Rel ays

Control relay contacts shall have utilization category and ratings sel ected
for the application, with a mninumof tw sets of contacts (two normally
open, two normally closed) enclosed in a dustproof enclosure. Relays shal
be rated for a minimumlife of one million operations. Operating tine
shall be 20 nmilliseconds or less. Relays shall be equipped with coi
transi ent suppression devices to limt transients to 150 percent of rated
coil voltage. Tine delay relays shall be 2PDT with ei ght-pin connectors,
dust cover, and a matching rail-nmounted socket. Adjustable timng range
shall be 0 to 5 minutes. Power consunption shall not be greater than three
watts.

.11.2 Current Sensing Rel ays

Current sensing relays shall provide a normally-open contact rated at a

m ni mum of 50 volts peak and 1/2 anpere or 25 VA, noninductive. There
shal |l be a single hole for passage of current carrying conductors. The
devi ces shall be sized for operation at 50 percent rated current based on
the connected | oad. Voltage isolation shall be a m ni mum of 600 volts.

.12 DI RECT DI G TAL CONTROL (DDC) HARDWARE

Al'l functions, constraints, data base paraneters, operator devel oped
prograns and any other data shall be downl oadable froma laptop PCto
network control panels, RIUs, and universal programuable controllers.
Downl oad shall be acconplished through both the primary network and the
| ocal DDC | aptop PC port.

2.12.1 Net wor k Control Pane
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Net wor k Control Panels shall utilize peer-to-peer conmunications over the
Echel on LON network and meet Lon Mark Interoperability Association
Standards. The controllers will have standard LNS plug in software.

Net wor k control panels shall be mcroconputer-based with sufficient nenory
provided to performall specified and shown network control panel functions
and operations, including spare capacity for all spares and its I/O
functions specified. Each network control panel and renote I/O units (R U)
shal | have a mnimumof 10%of its I1/O functions as spare capacity but not

| ess than 2 of each type used in each. The type of spares shall be in the
sanme proportion as the inplemented I/0O functions on the panel, but in no
case shall there be less than two spare points of each type. The panel 1/0O
functions shall be furnished conplete, with no changes or additions
necessary to support inplenentation of spare functions. Qutput relays
associated with digital signals shall be considered part of the I/O
function, whether physically nounted in the enclosure or separately
nounted. | nplenentation of spare points shall necessitate only providing
the additional field sensor or control device, field wiring including
connection to the system and point definition assignment by the operator
using the central workstation/tester or |aptop PC. The panel shall contain
all necessary I/O functions to connect to field sensors and contro

panels. /O function operation shall be fully supervised to detect /0O
function failures. Network control panels shall operate in an i ndependent
st and- al one node, which is defined as all network control panel operations
performed by the network control panel without any continuing input from
other Direct digital controls or laptop PC. The network control pane

shall be capable of controlling a mx of at least 32 Rl Us, and universa
progranmmabl e controllers. Provide an acoustic touch screen on one contro
panel in each nechanical roomthat is capable and does in fact display the
entire systemis control points as a dynam c data nan-nachine interface.
Screen shall be at [east 200mm x 200mm

12,101 I ntegral Features
The network control panel shall include:

a. Min power swtch.

b. Power on indicator.

c. Laptop PC port, connector, and if necessary power supply.

d. Manufacturers control network port.

e. An intrusion detection device, connected as an alarm
.12.1.2 Comuni cation Interfaces
The foll owi ng comuni cation capabilities shall function sinmultaneously.

a. Mnufacturers Control Network. Manufacturers control network
within a building shall be Echel on LONMORKS based on Echelon's LNS network
operating systemw th communi cations interfaces for each data transni ssion
systenms (DTS) circuit between network control panels and RIUs, unitary
control lers, and universal programmble controllers, shall be provided.
Conmruni cation interfaces shall be provided between each network contro

panel and associated |1/O functions. The DTS will provide for transm ssion
speeds necessary to conply with performance requirenents specified. DTS
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equi prent shall be installed in the network control panel enclosure.

b. A laptop PC Port. A comunications port for interfacing to a
| aptop PC shall be provided. Network control panel |aptop PC port other
than RS-232, shall be converted to RS-232, including cabling and power
supply, and shall be permanently installed in the panel

c. Primary Network Port. The network control panel shall either have
a built in primary network Port or be capable of accepting a primary
networ k port expansion card and shall be connected to the installation's
network for the base wide utility nmonitoring and control system (UMCS)
This shall be accessible fromany web browser with the correct security
password as well as fromthe existing central PC which contains the
archi ved dat abase for the lon system The prinmary network port expansion
card shall be Ethernet (1EEE802.3).

.12.1.3 Menory and Real Tine C ock (RTC) Backup

The network control panel nmemory and real time clock functions shal
continue to operate for a mininmumof 72 hours in the event of a power
failure. |If rechargeable batteries are provided, automatic charging of
batteries shall be provided. Wenever a either a permanent

wor kstation/tester or laptop PCis monitoring the network control panel, a
| ow battery al arm nessage shall be sent to it.

.12.1. 4 Dupl ex Qutl et

A single phase, 120 Vac el ectrical service outlet for use with test
equi prent shall be furnished either inside or within 2 neters 6 feetof the
networ k control panel enclosure.

.12.1.5 Locki ng Encl osures

Locki ng type nounting cabinets with common keying shall be furnished for
each network control panel.

.12.1.6 Fai | ure Mbde

Upon failure of the network control panel, either due to failure of the
network control panel hardware or of the manufacturers control network, the
network control panel shall revert to the failure nmode as shown.

a. Mnufacturers Control Network Failure: Upon failure of the
manuf acturers control network, the network control panel shall operate in
an independent stand-al one node.

b. Network Control Panel Hardware Failure: Upon failure of the
networ k control panel hardware, the network control panel shall cease
operation and stop comunications with other network control panels, R Us,
and uni versal programmble controllers connected to the affected network
control panel. The affected network control panel shall respond to this
failure as specified and shown.

.12.2 Renote |/0O Unit (RIU)

Network Controllers shall utilize peer-to-peer communi cations over the
Echel on LON network and nmeet Lon Mark Interoperability Association
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Standards. The controllers will have standard LNS plug in software. The
Rl U shall be functionally a part of the network control panel as specified,
but may be renotely located fromthe network control panel and conmunicate
over a dedicated comunication circuit. Wen renotely located, the I/0O
functions shall be subject to the sanme requirenents as for the network
control panel hardware. RIUs shall be used to connect renote inputs and
outputs to a network control panel and shall contain all necessary 1/0O
functions to connect to field sensors and control devices. R U operation
shall be fully supervised by the network control panel to detect failures.
Each RIU shall have a mininumof 10 %of its I/O functions as spare
capacity. The type of spares shall be in the sane proportion as the

i mpl emented 1/0O functions on the RIU, but in no case shall there be |ess
than two spare points of each type. The R U shall be furnished conplete,
with no changes or additions necessary to support inplenentation of spare
functions. CQutput relays associated with digital signals shall be

consi dered part of the 1/0O function, whether physically nounted in the
encl osure or separately mounted. |Inplenentation of spare points by others
shall require only providing the additional field sensor or control device,
field wiring including connection to the system and point definition
assignment by the operator. The RIU shall either report the status of all
connected points on each scan, or report the status of all points which
have changed state or val ue since the previous scan

.12.2.1 I ntegral Features
The RIU shall include:
a. Min power switch
b. Power on indicator.
c. Laptop PC port, connector, and if necessary power supply.
d. Manufacturers control network port.
e. An intrusion detection device, connected as an al arm
.12.2.2 Dupl ex CQutl et
A single phase, 120 Vac el ectrical service outlet for use with test
gﬁﬂipnent shal |l be furnished either inside or within 2 neters 6 feetof the

.12.2.3 Locki ng Encl osures

Locki ng type mounting cabinets with common keying shall be furnished for
each R U

.12.2.4 Fai | ure Mvde

Upon failure of the RIU, either due to failure of the RIU hardware or of
the DTS, the RIU shall revert to the failure node shown.

.12.3 Uni versal Programmabl e Controller (UPC)

Network Controllers shall utilize peer-to-peer comruni cations over the
Echel on LON network and meet Lon Mark Interoperability Association
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Standards. The controllers will have standard LNS plug in software. The
uni versal programrabl e controller shall be a mcroprocessor based
control | er designed and programed to control and nonitor systems as
shown. Resident prograns shall be contained in reprogranmabl e nonvolatile
nmenory. Each universal programuable controller shall contain necessary
power supplies, transformers, nmenory, |/O functions and conmuni cati ons

i nterfaces necessary to performits required functions and to provide

control and nonitoring of connected equi pnent and devices. It shal
contain all necessary I/O functions to connect to field sensors and
controls. |/O operation shall be fully supervised to detect /0O function
failures. It shall provide for operation as a device connected to the

systemvia the manufacturers control network.
2.12. 3.1 I ntegral Features
The uni versal programrable controller shall include as a m ni num
a. Min power swtch.
b. Power on indicator.
c. Laptop PC port, connector, and if necessary power supply.

d. Manufacturers control network port.

e. 1/0 functions
(1) 8 D
(2) 4 DO
(3) 8 Al
(4) 4 AO
(5) 1 PA

2.12.3.2 Communi cation I nterfaces

The UPC shall be Echel on LONWORKS based on Echel on's LNS network operating
system and have the foll owi ng communi cati on capabilities which shal
function sinultaneously.

a. Manufacturers Control Network. The manufacturers control network
comuni cations interface for a data transmi ssion systens (DTS) circuit
bet ween the UPC and a network control panels shall be provided. The DTS
will provide for transm ssion speeds necessary to conply with perfornmance
requi renents specified. DTS equipnent shall be installed in the UPC Pane
encl osure.

b. Laptop PC Port. A communications port for interfacing to a |aptop
PC shall be provided. A UPC |aptop PC port other than RS-232, shall be
converted to RS-232, including cabling and power supply, and shall be
permanently installed in the panel.

2.12.3.3 Menory and RTC Backup
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The UPC nenory and real tine clock functions shall continue to operate for
a mnimumof 72 hours in the event of a power failure. |If rechargeable
batteries are provided, automatic charging of batteries shall be provided.
Whenever a portable workstation/tester is nonitoring the network contro
panel, a |low battery al arm nessage shall be sent to it.

.12.3.4  Specific Requirements

Each universal programmabl e controller shall be accessible for purposes of
application selection, control paraneters, set point adjustnent, and

noni toring fromany DDC control |l er connected to the sane nmanufacturers
control network as the universal programmable controller. This shall be
done using a portable workstation/tester connected to a portable

wor kstation/tester port either directly or via nodem

.12.3.5 Locki ng Encl osures

Locki ng type nounting cabinets with common keying shall be furnished for
each encl osure.

.12.3.6 Fai | ure Mde

Upon failure of the universal programmable controller, it shall revert to
the failure node of operation as shown.

.12. 4 Chiller Control Pane

Chiller control panel shall utilize peer-to-peer comrunications over the
Echel on LON network and neet Lon Mark Interoperability Association
Standards. The controllers will have standard LNS plug in software and
shal | provide, both locally and through the Manufacturers Control Network
the control, nonitoring, and safety equi prent functions provided by the
chiller manufacturer's control panel (s) (two comunications ports total).
The chiller control panel instrunentation and control ranges and accuracies
shall match those of the chiller manufacturer's control devices. The
chiller panel shall have a communication port for interface to a | aptop PC
through either the Manufacturers Control Network or nmodem for chiller(s)
start/stop, chilled water tenperature reset, and nonitoring of chiller
operating status, alarns, and power consunption

.12.5 I/ O Functi ons
.12.5.1 DDC Hardware |/ O Functi ons

I/ O Functions shall be provided as part of the DDC system and shall be in
accordance with the foll ow ng:

a. The analog input (Al) function shall nonitor each anal og input,
perform A-to-D conversion, and hold the digital value in a buffer for
i nterrogation. The A-to-D conversion shall have a mninumresolution of 10
bits plus sign. Signal conditioning shall be provided for each anal og
input. Analog inputs shall be individually calibrated for zero and span
in hardware or in software. The Al shall incorporate common node noi se
rejection of 50 dB fromO to 100 Hz for differential inputs, and norma
node noi se rejection of 20 dB at 60 Hz from a source inpedance of 10, 000
ohns. Input ranges shall be within the range of 4-to-20 mAdc.
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b. The anal og output (AO function shall accept digital data, perform
D-to- A conversion, and output a signal within the range of 4-to-20 mAdc.
D-to- A conversion shall have a m nimumresol ution of eight bits plus sign
Anal og outputs shall be individually calibrated for zero and span. Short
circuit protection on voltage outputs and open circuit protection on
current outputs shall be provided.

c. The digital input (D) function shall accept on-off, open-close,
or other change of state (two state data) indications. Isolation and
protection agai nst an applied steady-state voltage up to 180 Vac peak shal
be provi ded.

d. The digital output (DO function shall provide contact closures
for nmonentary and mai ntai ned operation of output devices. C osures shal
have a mi ni mum duration of 0.1 second. DO relays shall have an initial
br eakdown vol t age between contacts and coil of at |east 500 V peak
El ectromagnetic interference suppression shall be furnished on all output
lines to limt transients to nondamagi ng | evels. Protection against an
appl i ed steady-state voltage up to 180 Vac peak shall be provided. M ninum
contact rating shall be one anpere at 24 Vac.

e. The pul se accumul ator function shall have the sane characteristics
as the DI. In addition, a buffer shall be provided to totalize pul ses and
allow for interrogation by the DDC system The pul se accurul at or shal
accept rates up to 20 pul ses per second. The totalized value shall be
reset to zero upon operator's conmand.

f. Signal conditioning for sensors shall be provided as specified.

. The binary coded decinmal (BCD) function: The BCD function shal
have the same characteristics as the DI, except that, in addition, a buffer
shal |l be provided to totalize inputs and allow for interrogation by the
network control panel. The BCD function shall have 16-channel optically
i sol ated buffered inputs to read four digit nunbers. The BCD function
shal | accurmul ate inputs at rates up to 10 inputs per second.

.12.5.2 Fai | ure Mode

Upon failure of the I/O function, including data transm ssion failure,

| ogi ¢ power supply failure, DDC processor malfunction, software failure,
interposing relay power failure, or any other failure which prevents stand
al one operation of any DDC nornmal |y capabl e of stand al one operati on,
connected outputs shall be forced to the failure node shown.

.12.6 Chiller Control Pane

Chiller control panel shall utilize peer-to-peer comrunications over the
Echel on LON network and nmeet Lon Mark Interoperability Association
Standards. The controllers will have standard LNS plug in software and
shal | provide, both locally and through the Manufacturers Control Network,
the control, nonitoring, and safety equi pnent functions provided by the
chiller manufacturer's control panel (s) (two comunications ports total).
The chiller control panel instrunentation and control ranges and accuracies
shall match those of the chiller manufacturer's control devices. The
chiller panel shall have a comunication port for interface to a | aptop PC
through either the Manufacturers Control Network or modem for chiller(s)
start/stop, chilled water tenmperature reset, and nmonitoring of chiller
operating status, alarns, and power consunption
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2.

2.

12.7 Boi | er Control Pane

Boil er control panel shall utilize peer-to-peer conmunications over the
Echel on LON network and meet Lon Mark Interoperability Association
Standards. The controllers will have standard LNS plug in software, be

m cropr ocessor - based and shall provide, both |ocally and through the

Manuf acturers Control Network, the control, nonitoring, and safety

equi prent functions provided by the boiler manufacturer's control panel (s)
(two conmuni cations ports total). The boiler control panel instrunmentation
and controls ranges and accuracies shall match those of the boiler

manuf acturer's control devices. The boiler panel shall have a

comuni cation port for interface to a |laptop PC through either the

Manuf acturers Control Network or nmodem for boiler(s) and start/stop, boiler
wat er tenperature reset, and nonitoring of boiler operating status, alarns.

.12. 8 Laptop PC

A | aptop personnel conputer (PC) shall be provided and shall be able to
connect to any DDC hardware. The | aptop PC shall consist of 800 Mz
Pentium IV processor, 512 MB SDRAM 30 GB Hard Drive, m ni mum 6x4x4 CD
Read-Witable, internal or external, 3.5 inch diskette, internal or
external, 15 inch color display, Utra XGA, Parallel and USB Serial Ports,
W ndows XP or or Wndows 2000 Operating System Network Managenent,
Comuni ations and Utility Software, integral pointing device, color VGA
video port for an external color nonitor, 56K nodem PCMCIA type 3 slot,
rechargeabl e battery, battery charger and 120 Vac power supply. It shal
i ncl ude carrying case, extra battery, charger and a conpati bl e network
adapter. The laptop PC shall

a. Run DDC di agnostics.

b. Load all DDC nmenory resident prograns and information, including
paranmeters and constraints.

c. Display any Al, DI, AO DO or PA point in engineering units for
anal og points or status for digital points.

d. Control any AO or DO

e. Provide an operator interface, contingent on password |evel
all owi ng the operator to use full English | anguage words and acronyns, or
an object oriented graphical user interface.

f. Display database paraneters.

g. Modify database parameters.

h. Accept DDC software and information for subsequent |oading into a
specific DDC. Provide all necessary software and hardware required to
support this function, including an EIA ANSI/EI A TI A 232-F port.

i. Disablel/enable each DDC

j. Performall workstation functions as specified.

13 DDC SOFTWARE
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Al'l DDC software described in this specification shall be furnished as part
of the conplete DDC System

.13.1 Qperating System

LonMaker for W ndows shall be used to design, conm ssion, operate, and
maintain the multi-vendor, open, interoperable LONWORK control network.
This software will be turned over to the owner (with full docunmentation)
and |icence as an operation and mai ntenance tool. Each DDC shall contain
an operating systemthat controls and schedules that DDC s activities in
real time. The DDC shall maintain a point database in its nenory that

i ncludes all paranmeters, constraints, and the | atest value or status of al
poi nts connected to that DDC. The execution of DDC application prograns
shall utilize the data in nmenory resident files. The operating system
shall include a real time clock function that nmaintains the seconds,

m nutes, hours, date and nonth, including day of the week. Each DDC rea
time clock shall be automatically synchronized with the network contro
panel real tine clock at |east once per day to plus or mnus 10 seconds.
When the network control panel is connected to a centra

wor kst ation/tester, the network control panel RTC shall be updated by the
central workstation/tester RTC. The tine synchronization shall be
acconpl i shed wi thout operator intervention and wi thout requiring system
shutdown. The operating systemshall allow |oading of software, data files
data entry, and diagnostics fromthe central workstation/tester both
locally through the central workstation/tester port and renotely through a
network control panel and the manufacturers control network.

.13. 1.1 Startup

The DDC shall have startup software that causes automati c commencenent of
operation w thout human intervention, including startup of all connected
I/O functions. A DDC restart program based on detection of power failure
at the DDC shall be included in the DDC software. Upon restoration of
power to the DDC, the programshall restart equipnent and restore |loads to
the state at time of power failure, or to the state as commanded by tinme
prograns or other overriding prograns. The restart program shall include
start tinme del ays between successive commands to prevent demand surges or
overload trips. The startup software shall initiate operation of self-test
di agnostic routines. Upon failure of the DDC, if the database and
application software are no | onger resident or if the clock cannot be read,
the DDC shall not restart and systens shall remain in the failure node
indicated until the necessary repairs are nade. |f the database and
application prograns are resident, the DDC shall resunme operation after an
adjustable tinme delay of fromO to 600 seconds. The startup sequence for
each DDC shall include a unique tine delay setting for each control output
when system operation is initiated.

.13.1.2 Oper ati ng Mode

Each DDC shall control and nonitor functions as specified, independent of
conmuni cations with other DDC. This software shall performall DDC
functions and DDC resident application prograns as specified using data
obtained fromI/O functions and based upon the DDC real tinme clock
function. Wen comuni cations circuits between the DDC are operable, the
DDC shall obtain real time clock updates and any required gl obal data

val ues transmitted fromother network control panels. The DDC software
shal | execute comuands after perform ng constraints checks in the DDC.
Status and anal og val ues, including alarnms and other data shall be
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transmtted fromother network control panels when communi cations circuits
are operable. If conmunications are not avail able, each DDC shall function
i n stand-al one node and operational data, including the |atest status and
val ue of each point and results of calculations, normally transmtted from
ot her network control panels shall be stored for later transmission to the

network control panel. Storage for the |atest 256 val ues shall be provided
at each network control panel. Each DDC shall accept software downl oaded
fromthe network control panel. Constraints shall reside at the DDC

2.13.1.3 Fai | ure Mode
Upon failure for any reason, each DDC shall performan orderly shutdown and
force all DDC outputs to a predeternmined (failure nbpde) state, consistent
with the failure nodes shown and the associated control device.

2.13.2 Functi ons
The Contractor shall provide software and hardware necessary to acconplish
the follow ng functions, as appropriate, fully inplenented and operati onal

wi thin each network control panel, RIU and universal progranmmabl e
controller.

a. Scanning of inputs.

b. Control of outputs.

c. Reporting of anal og changes outside a selectable differenti al
d. Reporting of unauthorized digital status.

e. Reporting of alarns autonmatically to network control panel

f. Reporting of 1/O status to network control panel upon request.

g. Mintenance of real time, updated by the network control panel at
| east once a day.

h. Communication with the network control panel
i. Execution of DDC resident application prograns.
j. Averaging or filtering of Als.
k. Constraints checks (prior to comand i ssuance).
. Diagnostics.
m Laptop PC to controller operation as specified.
n. Reset of PA by operator based on tine and val ue.
2.13.2.1 Anal og Monitoring
The system shall neasure and transmit anal og val ues includi ng cal cul ated
anal og points. An anal og change in value is defined as a change exceedi ng

a preset differential value as specified. The record transmtted for each
anal og value shall include a readily identifiable flag which indicates the
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abnormal status of the value when it deviates from operator selectable
upper and |ower analog limts. Analog values shall be expressed in proper
engineering units with sign. Engineering units conversions shall be

provi ded for each neasurement. Each engineering units conversion set shal

i ncl ude range, span, and conversion equation. A vocabulary of engineering
unit descriptors shall be provided, using at |east three al phanuneric
characters to identify information in the system The system shall support
255 different engineering units.

.13.2.2 Logic (Virtual) Points

Logic (virtual) points shall be software points entered in the point

dat abase which are not directly associated with a physical I/0O function
Logic (virtual) points shall be analog or digital points created by

cal cul ati on fromany conbi nati on of digital and anal og points, or other
data having the properties of real points, including alarns, wthout the
associ ated hardware. Logic (virtual) points shall be defined or cal cul ated
and entered into the database by the Contractor. The cal cul ated anal og
poi nt shall have point identification in the sane format as any other
anal og point. The cal culated point shall be used in any program where the
real value is not obtainable directly. Constants used in calcul ations
shall be changeable on-line by the operator. Calculated point val ues shal
be current for use by the systemwi thin 10 seconds of the time of any input
changes.

.13.2.3 State Variabl es

If an anal og point represents nore than two (up to eight) specific states,
each state shall be naneable. For exanple, a |level sensor shall be

di spl ayed at its neasured engineering units plus a state variable with
naned states usable in prograns or for display such as | ow

al armi | ow/ nor mal / hi gh/ hi gh al arm

.13.2.4 Analog Totalization

Any anal og point shall be operator assignable to the totalization program
Up to eight anal og values shall be totalized within a selectable tine
period. At the end of the period, the totals shall be stored.
Totalization shall then restart fromzero for the next tinme period. The
program shall keep track of the peak and total value measured during the
current period and for the previous period. The operator shall be able to
set or reset each totalized value individually. The time period shall be
able to be operator defined, nodified or deleted on-Iline.

.13.2.5 Energy Totalization

The system shall calculate the heat energy in Btus, for each energy source
consunmed by the nmechani cal systens specified, totalize the cal cul ated Btus,
the instantaneous rate in Btus per hour, and store totals in thousands of
Btus (MBtu). The Btus cal culated shall be totalized for an adjustable tine
period. The tine period shall be defined uniquely for each Btu
totalization.

.13.2.6 Trendi ng

Any anal og or cal cul ated point shall be operator assignable to the trend
program Up to eight points shall be sampled at individually assigned
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interval s, sel ectable between one mnute and two hours. A mnimum of the
nost recent 128 sanpl es of each trended point shall be stored. The sanple
intervals shall be able to be defined, nodified, or deleted on-line.

.13.3

I/ O Poi nt Dat abase/ Paraneter Definition

Each 1/ 0O point shall be defined in a database residing in the DDC. The
definition shall include all physical paraneters associated with each

poi nt .

Each point shall be defined and entered into the database by the

Contractor, including as applicable:

a.

b

Name.

Devi ce or sensor type (i.e., sensor, control relay, notors).
Point identification nunber.

Unit.

Bui | di ng nunber.

Ar ea.

I sl and.

DDC nunber and channel address.

KW (runni ng) .

KW (starting).

Sensor range.

Control | er range.

Sensor span.

Control l er span.

Engi neering units conversion (scale factor).

Set poi nt (anal og).

H gh reasonabl eness val ue (anal og).

Low reasonabl eness val ue (anal og).

Hgh alarmlinmt differential (return to nornmal).
Low alarmlimt differential (return to normal).
H gh alarmlinit (anal og).

Low alarmlimt (anal og).

Alarm di sable time period upon startup or change of setpoint.

Page 31



X. Anal og change differential (for reporting).
y. Alarmclass and associ ated primary nessage text.
z. High accurmulator limt (pulse).
aa. Status description.
bb. Run tine target.
cc. Failure node as specified and shown.
dd. Constraints as specified.
2.13.4 Al arm Processing

Each DDC shall have al arm processing software for Al, D, and PA alarns for
all real and virtual points connected to that DDC

2.13.4.1 Digital Alarns Definition

Digital alarms are those abnormal conditions indicated by Dis as specified
and shown.

2.13. 4.2 Anal og Alarnms Definition

Anal og al arns are those conditions higher or lower than a defined val ue, as
neasured by an Al. Anal og readings shall be conpared to predefined high
and low limts, and alarmed each tine a value enters or returns froma
[imt condition. Unique high and low linits shall be assigned to each
anal og point in the system Analog alarmlinmts shall be stored in the DDC
dat abase. Each analog alarmlimt shall have an associated unique limt
differential specifying the anount by which a variable nust return into the
proper operating range before being annunciated as a

return-to-nornal -state. Al limts and differentials shall be entered
on-line by the operator in linmts of the nmeasured variable, w thout
interruption or loss of nmonitoring of the point concerned. The program
shal |l automatically change the high or lowlimts or both, of any anal og
poi nt, based on tine schedul ed operations as specified, allowing for a tine
interval before the alarmlimt becones effective. In CPA applications,
key the linmit to a finite deviation traveling with the setpoint. The
system shall automatically suppress analog alarmreporting associated with
a digital point when that digital point is turned off.

2.13.4.3 Pul se Accunul ator Alarnms Definition
Pul se accunul ator alarnms are those conditions calculated fromtotalized
val ues of accumul ator inputs or PA input rates that are outside defined
limts as specified and shown. PA totalized values shall be conpared to
predefined linmts and alarned each time a value enters a limt condition
Unique limts shall be assigned to each PA point in the system Limts
shall be stored in the DDC dat abase.

2.13.5 Constraints

2.13.5.1 Equi pment Constraints Definitions
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Each control point in the database shall have DDC resident constraints
defined and entered by the Contractor, including as applicable:

a. Mximumstarts (cycles) per hour

b. Mninumoff tine.

c. Mnimumon tinme.

d. Hghlimt (value in engineering units).

e. Lowlimt (value in engineering units).
2.13.5.2 Constraints Checks

Control devices connected to the system shall have the DDC nenory resident
constraints checked before each comand is issued to insure that no

equi prent danage will result frominproper operation. Each conmand shal

be executed by the DDC only after all constraints checks have been passed.
Each command poi nt shall have uni que constraints assigned. High and | ow
"reasonabl eness” val ues or one differential "rate-of-change" value shall be
assigned to each Al. Values outside the reasonableness limts shall be

rej ected and an al arm nessage sent to the network control panel or portable
wor kstation/tester. Status changes and anal og poi nt val ues shall be
reported to the workstati on upon operator request, such as for reports,

al phanuneri c di spl ays, graphic displays, and application programs. Each

i ndi vidual point shall be capable of being selectively disabled by the
operator froma workstation/tester. Disabling a point shall prohibit

noni toring and automatic control of that point.

2.13.6 Di agnosti cs

Each DDC shall have self-test diagnostic routines inplenented in firnware.
The tests shall include routines that exercise nmenory. Diagnostic software
shal |l be usable in conjunction with the central workstation/tester and
portabl e workstation/tester. The software shall display nessages in
English to informthe tester's operator of diagnosed problens.

2.13.7 Sunmer - Wnt er COperation Monitoring

The system shall provide software to autonmatically change the operating
paranmeters, nmonitoring of alarmlimts, and start-stop schedul es for each
nmechani cal system from sumer to winter and vice-versa. The software shal
provi de automatic comands to applications prograns to coordinate proper
sunmer or w nter operation. Change over setpoints shall be operator

sel ectabl e and settabl e.

2.13.8 Control Sequences and Control Loops
Sufficient menmory shall be provided to inplenment the requirements specified
and shown for each DDC. Specific functions to be inplenented are defined
in individual system control sequences and dat abase tables shown in the
drawi ngs, and shall include, as applicable, the follow ng:

a. Pl Control: This function shall provide proportional control and
proportional plus integral control.
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b. Two Position Control: This function shall provide control for a
two state device by conmparing a set point against a process variable and an
est abl i shed deadband.

c. Floating Point Control: This function shall exercise control when
an error signal exceeds a sel ected deadband, and shall mmintain contro
until the error is within the deadband limts.

d. Signal Selection: This function shall allow the selection of the
hi ghest or | owest anal og value froma group of anal og values as the basis
of control. The function shall include the ability to cascade anal og
val ues so that |arge nunbers of inputs can be reduced to one or two outputs.

e. Signal Averaging: This function shall allow the mathematica
cal cul ati on of the average anal og value froma group of anal og val ues as
the basis of control. The function shall include the ability to "weight”
the individual analog values so that the function output can be biased as
necessary to achi eve proper control.

f. Reset Function: This function shall develop an AO based on up to
two Al's and one operator specified reset schedul e.

g. Cooling/Heating Operation Program Software shall be provided to
change, either automatically or on operator conmand, the operating
paraneters, nmonitoring of alarmlimts, and start-stop schedul es for each
mechani cal system where such a change fromcooling to heating and vice
versa is neaningful. The software shall provide conmmands to application
progranms to coordi nate cooling or heating node operation. Software shal
automatically switch facilities fromcooling to heating, and vice versa
based on schedul es or temperatures. All HVAC equi prrent and systens shal
be assigned to the program

.13.9 Command Priorities

A scheme of priority levels shall be provided to prevent interaction of a
command of low priority with a command of higher priority. The system
shall require the latest highest priority command addressed to a single
point to be stored for a period of time |onger than the |ongest tinme
constraint in the on and off states, insuring that the correct conmand
shal |l be issued when the tine constraint is no longer in effect or report
the rejected cormand. Override commands entered by the operator shall have
hi gher priority than those enmanating from applications prograns.

.13.10 Resi dent Application Software

The Contractor shall provide resident applications progranms to achi eve the
sequences of operation, parameters, constraints, and interlocks necessary
to provide control of the systems connected to the DDC system Application
prograns shall be resident and shall execute in the DDC, and shal
coordinate with each other, to insure that no conflicts or contentions
remai n unresol ved. The Contractor shall coordinate the application
programnms specified with the equi pment and controls operation, and ot her
specified requirenents. A schene of priority levels shall be provided to
prevent interaction of a command of low priority with a command of hi gher
priority. The systemshall require the |latest highest priority comand
addressed to a single point to be stored for a period of tine |onger than
the longest time constraint in the ON and OFF states, insuring that the
correct command shall be issued when the tine constraint is no longer in
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effect or the rejected command shall be reported. Override conmands
entered by the operator shall have higher priority than those emanating
from application prograns.

2.13.10.1 Program I nputs and Qut puts
The Contractor shall select the appropriate programinputs listed for each
application programto calculate the required program outputs. Were the
specific programinputs are not available, a "default" value or virtua
poi nt appropriate for the equi pnent being controlled and the proposed
sequence of operation shall be provided to replace the mssing input, thus
allowing the application programto operate. Als to application prograns
shal | have an operator adjustable deadband to preclude short cycling or
hunting. Program outputs shall be real analog or digital outputs or logic
(virtual) points as required to provide the specified functions. The
Contractor shall select the appropriate input and output signals to satisfy
the requirenents for control of systens as shown.

2.13.10.2 DDC General Conditions
The Contractor shall provide software required to achi eve the sequences of
operation, paraneters, constraints, and interlocks shown. Application
software shall be resident in the DDC in addition to any other required

software. In the event of a DDC failure, the controll ed equi pnent shal
continue to function in the failure node shown.

2.13.10.3 Schedul ed Start/ Stop Program
This program shall start and stop equi pnment based on a tinme of day schedul e
for each day of the week, and on a holiday schedule. To elimnate power
surges, an operator adjustable time delay shall be provided between
consecutive start commands.
a. Program | nputs:
(1) Day of week/holiday.
(2) Tinme of day.
(3) Cooling and heating high-low alarmlimts.
(4) Cooling and heating start-stop schedul es.
(5) Cooling or heating node of operation.
(6) Equi pnent status.
(7) Equi prent constraints.
(8) Consecutive start tinme del ay.
b. Program Qutputs: Start/stop signal
2.13.10.4 Day- Ni ght Setback Program
The software shall limt the rise or drop of space tenperature during

unoccupi ed hours. Wenever the space tenperature is above (or bel ow for
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heating) the operator assigned tenperature limt, the systemshall be
turned on until the tenmperature is within the assigned tenperature lint.

a. Program | nputs:
(1) Day of week.
(2) Tine of day.
(3) Cooling or heating node of operation
(4) Cooling and heating occupancy schedul es.
(5) Equi pnent status.
(6) Space tenperature.
(7) M nimm space tenperature during unoccupi ed peri ods.
(8) Maximum space tenperature during unoccupi ed peri ods.
(9) Equi pnent constraints.
b. Program Qutputs: Start/stop signal
2.13.10.5 Economi zer Program
The software shall reduce the HVAC system cooling requirenents when the OA
dry bulb tenmperature is less than the return air tenperature. Wen the OA
dry bulb tenperature is above the return air tenperature or changeover
setpoint, the OA danpers, return air danpers, and relief air danpers shal
be positioned to provide mnimumrequired OA. Wen the QA dry bulb
tenmperature is bel ow a changeover setpoint tenperature, the OA danpers
return air danpers, and exhaust air danpers shall be positioned to maintain
the required mxed air tenperature.
a. Program I nput:
(1) Changeover conditions.
(2) OAdry bulb tenperature.
(3) RA dry bulb tenperature.
(4) Mxed air dry bulb tenperature.
(5) Equi pnent constraints.
b. Program Qutput: Danper actuator/cooling control signal

2.13.10.6 Ventil ati on/ Recircul ati on Prograns

The software shall reduce the HVAC systemthermal |oad for two nodes of
operation as follows:

a. Ventilation node: 1In this node, the systemshall precool the
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space prior to building occupancy. Wen the outside air tenperature is
| ower than the space tenperature, the outside air danper and exhaust air
danper shall open to their maxi mum positions and the return air danper
shall close to its m nimum position.

b. Recirculation nobde: |In this node, the systemshall preheat the
space prior to building occupancy. Wen the outside air tenperature is
| ower than the space tenperature, the outside air danper and the exhaust
air danper shall close to their mninmum positions and the return air danper
shall open to its maxi mum position.

c. Program I nputs:

(1) Day of week.

(2) Tine of day.

(3) Cooling or heating nmode of operation.

(4) Equipnent status.

(5) Cooling and heating occupancy schedul es.

(6) OA dry bulb tenperature.

(7) Space tenperature.

(8) Equi pnent constraints.

d. Program Qutput: Danper actuator control signal.
2.13.10.7 Hot Deck Tenperature Reset Program

The software shall reset the hot deck tenperature in accordance with the QA
temperature. The hot deck supply tenperature shall be reset downward or
upward froma fixed tenperature proportionally, as a function of QA
tenmperature or other specified i ndependent vari able.

a. Program | nputs:

(1) Reset schedul e.

(2) Hot deck tenperature.
(3) Hot deck tenperature setpoint.

(4) OAdry bulb tenperature.
b. Program CQut puts:
(1) Hot deck valve actuator control signal.
2.13.10.8 Hot Water OA Reset Program
The software shall reset the hot water tenperature supplied by the boiler

in accordance with the OA tenperature. The hot water supply tenperature
shal |l be reset downward or upward froma fixed tenperature proportionally,
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as a function of OA tenperature.

a. Program | nputs
(1) Reset schedul e.
(2) OA dry bulb tenperature.
(3) Hot water supply tenperature.
(4) Maxi mum hot water supply tenperature.
(5) M nimum hot water supply tenperature.
(6) Equipnent constraints.

b. Program Qutput: Valve actuator control signal

2.13.10.9 Chill er Sequenci ng/ Optim zati on Program

Chiller programshall be used for chiller selection as well as control and
nmonitoring of chillers. The software shall sequence the lead chiller to
satisfy the cooling load, until the lead chiller is |oaded as capacity as
indicated, the lag chiller shall then be selected. The program shal
follow the chiller manufacturer's startup and shutdown sequence
requirenents. Interlocks between chilled water punps, condenser water
punps, and chiller shall be in accordance with the chiller manufacturer's
requi renents

a. Program | nputs

(1) Efficiency curves.

(2) Chiller water supply tenperatures.

(3) Chiller water return tenperatures.

(4) Entering condenser water tenperatures.
(5) Leaving condenser water tenperatures.

(6) Instantaneous KWto chillers.

(7) Common chilled water supply tenperatures.
(8) Common chilled water return tenperatures.
(9) Chilled water punps status.

(10) Equi prment constraints.

b. Program Qut puts

(1) Start/stop signals for chillers (manual or automatic to
control panel).

(2) Start/stop signals for chilled water punps (manual or
automatic to control panel).

(3) Start/stop signals for condenser water punps (manual or
automatic to control panel).

(4) Start/stop signals for cooling tower fans (manual or automatic
to control panel).

(5) Chilled water supply tenperature setpoint control signal

2.13.10.10 Boi l er Monitoring and Contro

The software shall renotely monitor and control boiler operation based on
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boi | er operational data. The program shall nonitor inputs and di scontinue
boil er operation if any nonitored point exceeds a predeternined val ue or
changes status incorrectly. The operator shall be able to add or delete

i ndi vidual programinput points fromthe list of points that wll

di sconti nue boil er operation.

a. Program | nputs
(1) Flame status.
(2) Hot water flow.
(3) Hot water supply tenperature.
(4) Hot water return tenperature.

b. Program Qutputs
(1) Boiler enabl e/disable control signal

(2) Boiler enable/disable pernmission to boiler operator for
manual control .

PART 3 EXECUTI ON

3.

3.

1  GENERAL | NSTALLATI ON CRI TERI A
1.1 HVAC Control System

The HVAC control systemshall be conpletely installed and ready for
operation. Dielectric isolation shall be provided where dissinilar nmetals
are used for connection and support. Penetrations through and nounting
holes in the building exterior shall be nade watertight. The HVAC contro
systeminstallation shall provide clearance for control system naintenance
by mai ntai ni ng access space between coils, access space to mxed-air

pl enuns, and other access space required to calibrate, renove, repair, or
repl ace control system devices. The control systeminstallation shall not
interfere with the clearance requirenents for nechanical and el ectrica
syst em mai nt enance.

1.2 Software Installation

Software shall be | oaded for an operational system including databases for
all points, operational paraneters, and system command, and application
software. The Contractor shall provide original and backup copi es of
source, excluding the general purpose operating systens and utility
prograns furnished by conputer nanufacturers and the non-job-specific
proprietary code furnished by the system manufacturer, and object nodul es
for software on each type of nedia utilized, within 30 days of forma
CGovernment acceptance. |In addition, a copy of individual floppy disks of
software for each DDC panel shall be provided

. 1.3 Devi ce Mounting Criteria

Devi ces nounted in or on piping or ductwork, on building surfaces, in
nmechani cal /el ectrical spaces, or in occupied space ceilings shall be
installed in accordance with manufacturer's recommendati ons and as shown.
Control devices to be installed in piping and ductwork shall be provided
with required gaskets, flanges, thermal conpounds, insulation, piping,
fittings, and manual val ves for shutoff, equalization, purging, and
calibration. Strap-on tenperature sensing elenents shall not be used
except as specified.
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3.

1.4 Wring Criteria

Wring external to control panels, including | owvoltage wring, shall be
installed in netallic raceways. Wring shall be installed w thout splices
bet ween control devices and DDC panels. Instrunentation grounding shall be
installed as necessary to prevent ground | oops, noise, and surges from
adversely affecting operation of the system G ound rods installed by the
contractor shall be tested as specified in |EEE Std 142. Cabl es and
conductor wires shall be tagged at both ends, with the identifier shown on
the shop drawings. Electrical work shall be as specified in Section 16415A
ELECTRI CAL WORK, | NTERI OR and as shown.

.2 CONTROL SYSTEM | NSTALLATI ON

2.1 Danper Actuators

Actuators shall not be mounted in the air stream Miltiple actuators
operating a comon danper shall be connected to a common drive shaft.
Actuators shall be installed so that their action shall seal the danper to
the extent required to maintain | eakage at or below the specified rate and
shal | nove the bl ades smoothly.

. 2.2 Local Gauges for Actuators

Pneurmati c actuators shall have an accessible and visible receiver gauge
installed in the tubing lines at the actuator as shown.

. 2.3 Room I nst runent Mounti ng

Room i nstruments , such as wall mounted thernostats, shall be nmounted 1.5 m
60 i nchesabove the floor unless otherw se shown. Tenperature setpoint
devi ces shall be recess nounted.

. 2.4 Freezestats

For each 2 square neters 20 square feetof coil face area, or fraction
thereof, a freezestat shall be provided to sense the tenperature at the

| ocati on shown. Manual reset freezestats shall be installed in approved,
accessi bl e locations where they can be reset easily. The freezestat
sensing el ement shall be installed in a serpentine pattern

. 2.5 Aver agi ng Tenperature Sensing El ements

Sensing el ements shall have a total elenment mninumlength equal to 3 m per
square nmeter 1 linear foot per square footof duct cross-sectional area.

. 2.6 Foundati ons and Housekeepi ng Pads

Foundati ons and housekeepi ng pads shall be provided for the HVAC contro
system air conpressors.

2.7 I ndication Devices Installed in Piping Systens

Thernoneters and tenperature sensing elenents installed in piping systens
shall be installed in thernowells.

.3 CONTRCL SEQUENCES OF OPERATI ON
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3.3.1 Syst em Requi rement s

These requirenments shall apply to all primary HVAC systens unl ess nodified
herein. The sequences describe the actions of the control systemfor one
direction of change in the HVAC process anal og variable, such as
temperature, humidity or pressure. The reverse sequence shall occur when
the direction of change is reversed.

3.3.2 HVAC Syst ens

Sequence of control for HVAC systems shall be as indicated on draw ngs.
3.4 COW SSI ONI NG PROCEDURES
3.4.1 Eval uati ons

The Contractor shall make the observations, adjustnents, calibrations,
neasurenents, and tests of the control systens, set the time schedule, and
make any necessary control systemcorrections to ensure that the systens
function as described in the sequence of operation

3.4.1.1 | t em Check

Signal levels shall be recorded for the extrene positions of each
controll ed device. An itemby-itemcheck of the sequence of operation
requi renents shall be perforned using Steps 1 through 4 in the specified
control system conm ssioning procedures. Steps 1, 2, and 3 shall be
performed with the HVAC system shut down; Step 4 shall be perforned after
the HVAC systens have been started. External input signals to the DDC
system (such as starter auxiliary contacts, and external systens) may be
simulated in steps 1, 2, and 3. Wth each operational node signal change,
DDC system out put relay contacts shall be observed to ensure that they
function.

3.4.1.2 Weat her Dependent Test Procedures

Weat her dependent test procedures that cannot be perforned by sinulation
shal |l be performed in the appropriate climatic season. Wen sinulation is
used, the actual results shall be verified in the appropriate season

3.4.1.3 Two-Point Accuracy Check

A two-point accuracy check of the calibration of each HVAC control system
sensing elenent and transnmitter shall be perfornmed by conparing the DDC
system readout to the actual value of the variable nmeasured at the sensing
el enent and transnitter or airflow neasurement station location. Digita

i ndi cating test instruments shall be used, such as digital thernoneters,
notor-driven psychroneters, and tachometers. The test instruments shall be
at least twice as accurate as the specified sensing el enment-to-DDC system
readout accuracy. The calibration of the test instrunents shall be
traceable to National Institute O Standards And Technol ogy standards. The
first check point shall be with the HVAC systemin the shutdown condition
and the second check point shall be with the HVAC systemin an operationa
condition. Calibration checks shall verify that the sensing el enent-to-DDC
system readout accuracies at two points are within the specified product
accuracy tolerances. |If not, the device shall be recalibrated or repl aced
and the calibration check repeated.
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3.4.1. 4 Insertion and | mersion Tenperatures

Insertion tenmperature and i nmersion tenperature sensing el ements and
transmtter-to-DDC system readout calibration accuracy shall be checked at
one physical |ocation along the axis of the sensing el enent.

3.4.1.5 Aver agi ng Tenperature

Aver agi ng tenperature sensing elenent and transnitter-to-DDC system readout
calibration accuracy shall be checked every 600 mm 2 feetal ong the axis of
the sensing elenment in the proximty of the sensing elenent, for a maxi num
of 10 readings. These readings shall then be averaged.

3.4.2 Unit Heaters

The " OFF/ AUTO' switch shall be placed in the "OFF" position. The unit
heater fan shall not start. The "OFF/ AUTO' switch shall be placed in the
"AUTO' position. The space thernostat tenperature setting shall be turned
up so that it makes contact and turns on the unit heater fan. The space
thernostat tenperature setting shall be turned down, and the unit-heater
fan shall stop. The thernostats shall be set at their tenperature setpoint.

3.4.3 Supply and Exhaust Fans

The "OFF/ ON AUTO' switch shall be placed in the "CFF' position. It shal

be ensured that the fan stops. The "OFF/ ONV AUTO' switch shall be placed in
the "ON' position. It shall be ensured that the fan starts. The
"OFF/ OV AUTO' switch shall be placed in the "AUTO' position. Wth space
thernostat tenperature setting turned down, the fan shall starts, and with
space thernostat tenperature setting turned up, the fan shall stops. The
thernostats shall be set at their tenperature setpoints. The results of
testing of one of each type of unit shall be | ogged.

3.4. 4 Fan-Coil -Uni t

The dual -t enperature hydronic systemshall be set to heating. Each space
thernostat tenperature setting shall be turned up so that it nakes contact
and turns the fan-coil unit on. The fan-coil unit fan shall start and the
val ves shall open to flow through the coils. Each space thernpstat
tenmperature setting shall be turned down and the fan-coil unit fans shal
stop. The valves shall close to flow through the coils. The

dual -t enperature hydronic systemshall be switched to cooling. Each space
thernostat tenperature setting shall be turned up; contact shall be broken
and the fan-coil unit fans shall stop. The valves shall close to flow
through the coil. Each space thernostat tenperature setting shall be
turned down. The fan-coil unit fans shall start and the val ves shall open
to flow through the coils. The thernostats shall be set at the tenperature
setpoints as shown. The results of testing of one of each type of unit
shal | be | ogged.

3.4.5 Mul tizone Air Handling Units
Steps for installation shall be as foll ows:
a. Step 1 - SystemlInspection: The air handling unit shall be

verified in its shutdown condition. The outside-air danmper shal
be cl osed, and the cooling-coil valve shall be closed.
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Step 2 - Calibration Accuracy Check with air handling unit
Shut down: Readi ngs shall be taken with a digital thernometer at
each tenperature-sensing el enent |ocation. Each tenperature shal
be read at the DDC controller, and the thernmoneter and DDC system
readi ngs | ogged. The calibration accuracy of the sensing
el ement -t o- DDC system readout for outside-air, return-air, mxed
air, cold-deck air, hot-deck air, and space tenperatures shall be
checked.

Step 3 - Actuator Range Adjustnents: A signal shall be applied to
the actuator through an operator entered value to the DDC system
The proper operation of the actuators for all danpers and val ves
shall be verified. The signal shall be varied fromlive zero of 4
ma to 20 ma, and it shall be verified that the actuators trave
fromzero stroke to full stroke within the signal range. It shal
be verified that all sequenced and parall el -operated actuators nove
fromzero stroke to full stroke in the proper direction, and nove

t he connected device in the proper direction fromone extrene
position to the other.

Step 4 - Control -System Comm ssi oni ng:

(1) Wth the fans ready to start, the systemshall be placed in
the ventilation delay node and in the occupi ed node, and it shal

be that supply fan start. It shall be verified that the

out si de-air danper is closed, and the heating and cool i ng- coi

val ves are under control, by artificially changing the hot and cold
deck tenperatures through operator entered values. The system
shal | be placed out of the ventilation delay node through an
operator entered value and it shall be verified that the outside
air, return air, and relief air danpers cone under control, by
artificially changing the mixed air tenperature.

(2) The control systemshall be placed in the m nimumoutside air
node. It shall be verified that the outside air danper opens to
nm ni mum posi tion.

(3) The econom zer node shall be sinulated by a change in the
outside air tenperature and the return air tenperature through
operator entered values and it shall be verified that the system
goes into the econom zer node. The mixed air tenperature shall be
artificially changed through operator entered values to slightly
open the outside air danper and the second point of the two-point
calibration accuracy check of sensing el enent-to-DDC system readout
for outside air, return air, and mxed air tenperatures shall be
performed. The tenperature setpoint shall be set as shown.

(4) The two-point calibration accuracy check of sensing

el ement -t o- DDC system readout for outside air and hot-deck
tenperatures shall be perforned. The hot deck tenperature setpoint
shall be set for mnus 4 degrees C | ] degrees Fat 20-nmm i nput
and 18 degrees C | ] degrees Fat 4-na input. The outside air
tenmperature shall be artificially changed through operator entered
val ues. Three values shall be entered simulating outside air
tenperature changes. The val ues shall be selected at m drange,

| ower 1/3 range, and upper 1/3 range of the tenperature schedul e.
It shall be verified that the hot-deck tenperature setpoint tracks
the schedule. The hot-deck tenperature setpoint shall be set for
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the existing outside air tenperature as shown. A change shall be
simulated in the coil discharge air tenperature through an operator
entered value and it shall be verified that the control valve is
nodul at ed.

(5) The two-point calibration accuracy check of sensing

el ement -t o- DDC system readout for the col d-deck tenperature shal
be performed. The col d-deck tenperature setpoint shall be set as
shown. A change shall be simulated in the coil discharge air
tenmperature through an operator entered value and it shall be
verified that the control valve is nodul at ed.

(6) The control system shall be placed in the unoccupi ed node,
and it shall be verified that the air handling unit shuts down, and
the control system assumes the specified shutdown conditions. The
space tenperature shall be artificially changed to bel ow the ni ght
set back setpoint and it shall be verified that the HVAC system
starts; the space tenperature shall be artificially changed to
above the night setback setpoint, and it shall be verified that the
HVAC system stops. The night setback tenperature setpoint shall be
set as shown.

(7) Wth the air handling unit running, a filter

differential -pressure switch input signal shall be sinulated at the
device. It shall be verified that the filter alarmis initiated.
The differential pressure switch shall be set at the setpoint.

(8 Wth the air handling unit running, a freezestat trip input
signal shall be simulated at the device. Air handling unit
shutdown shall be observed. It shall be verified that a | ow
tenperature alarmis initiated. The freezestat shall be set at the
setpoint. The HVAC system shall be restarted by manual restart and
it shall be verified that the alarmreturns to nornal

(9) Wth the air handling unit running, a snoke-detector trip

i nput signal shall be simulated at each detector, and

control -device actions and interlock functions shall be verified.
Simul ation shall be perforned without fal se-alarmng any Life
Safety systens. It shall be verified that the air handling unit
shuts down and that the snmoke detector alarmis initiated. The
detectors shall be reset. The air handling unit shall be restarted
by manual restart, and it shall be verified that the al arm signa

is changed to a return-to-normal signal

(10) The setpoint of each zone thernostat shall be raised and it
shall be verified that the zone danmper closes to the cold deck and
opens to the hot deck. The thernostat of each zone shall be
calibrated and set at its setpoint as shown.

3.4.6 Heating Water Control System

Steps for installation shall be as foll ows:

a.

Step 1 - Systemlnspection: The heating water control system
shal | be observed in its shutdown condition

Step 2 - Calibration Accuracy Check with Heating Water Contro
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System in Shutdown: Readings shall be taken with a digita
thermoneter at each temperature-sensing el ement | ocation. Each
tenmperature shall be read at the DDC controller, and the

t hermronmet er and DDC system readi ngs | ogged. The calibration
accuracy of the sensing el ement-to-DDC system readout for
outside-air tenperature and heating water supply tenperature
shal | be checked.

Step 3 - Actuator Range Adjustnents: A signal shall be applied
to the actuator through an operator entered value to the DDC
system The proper operation of the actuator for the contro
val ve shall be verified visually. The signal shall be varied
fromlive zero of 4 ma to 20 ma, and it shall be verified that
the actuator travel fromzero stroke to full stroke within the
signal range, and nove the connected device in the proper
direction fromone extrenme position to the other

Step 4 - Control - System Conmi ssi oni ng:

(1) The two-point calibration sensing el enent-to-DDC system
readout accuracy check for the outside air tenperature shall be
performed. Any necessary software adjustnents shall be made to
setpoints or parameters to achieve the outside air tenperature
schedul e.

(2) The outside air tenperature shall be sinulated to be above
the setpoint through an operator entered value. It shall be
verified that the hot water heating punps stop. A signal shal

be applied to sinmulate that the outside-air tenperature is bel ow
the setpoint shown. It shall be verified that the hot water
heating punps start.

(3) The two-point calibration accuracy check of the sensing

el ement -t 0- DDC system readout for the systemsupply tenperature
shal |l be performed. The supply tenperature setpoint shall be set
for the schedule as shown. Signals of 8 ma and 16 ma shall be
sent to the DDC systemfromthe outside-air tenperature sensor

to verify that the supply tenperature setpoint changes to the
appropriate val ues.

3.4.7 Chilled Water Control System

Steps for

a.

installation shall be as foll ows:

Step 1 - Systemlnspection: The chilled water control system
shal | be observed in its shutdown condition

Step 2 - Calibration Accuracy Check with Chilled Water Contro
System in Shutdown: Readings shall be taken with a digita
thernometer at each temperature-sensing elenent |ocation. Each
tenperature shall be read at the DDC controller, and the

t hermronet er and DDC system readi ngs | ogged. The calibration
accuracy of the sensing el ement-to-DDC systemreadout for al
chilled water supply and return, condenser water supply and
return tenperatures, etc. shall be checked

Step 3 - Control - Syst em Conmi ssi oni ng:
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3.

3.

(1) The outside air tenperature shall be sinulated to be above
the setpoint through an operator entered value. It shall be
verified that chilled water punmps CHP-1 and CHP-2 start, and
chiller control systemis enabled. A value shall be entered to
sinmulate that the outside air tenperature is bel ow the setpoint.
It shall be verified that chilled water punmps CHP-1 and CHP-2
stop, and chiller control systemis dis-abled.

(2) Wen chiller control systemis enabled. It shall be
verified that "Lead" chiller punp CP-1, condenser water punp
CWP-1, and cooling tower CT-1 fan (|l ow speed) start.

(3) A signal shall be applied to sinulate that the return
chilled water tenmperature to the chillers is above the setpoint
as shown. It shall be verified that the chiller sequencing
control starts. A signal shall be applied to sinmulate that the
return chilled water tenperature is bel ow the setpoint as shown.
It shall be verified that the chiller sequencing control stop

(4) The two-point calibration sensing el enent-to-DDC system
readout accuracy check for each condenser water and cooling tower
wat er tenperature shall be perfornmed. A change shall be
simulated in the cooling tower water tenperature through an
operator entered value and it shall be verified that cooling
tower fan high-speed control starts.

(5) The two-point calibration accuracy check of sensing

el ement -t 0- DDC system readout for the distribution chilled water
supply and return tenperature, chiller supply water tenperatures
and cooling tower water tenperatures shall be perfornmed. The
tenmperature setpoints shall be set as shown. A change above the
high limt setpoint shall be simulated for all these water
tenmperatures through an operator entered value and it shall be
verified that the high limt alarmis initiated. A change bel ow
the low limt setpoint shall be sinulated for all these water
tenmperatures through an operator entered value and it shall be
verified that the lowlimt alarmis initiated.

5 BALANCI NG, COWMM SSI ONI NG, AND TESTI NG
5.1 Coordi nati on with HVAC Syst em Bal anci ng

Conmi ssi oning of the control system except for tuning of controllers,
shal |l be performed prior to or simnultaneous with HVAC system bal anci ng.
The contractor shall tune the HVAC control systemafter all air system and
hydroni ¢ system bal anci ng has been conpl et ed, nini nrum danper positions set
and a report has been issued.

.5.2 Control System Calibration, Adjustments, and Comm Ssi oni ng

Control system conm ssioning shall be performed for each HVAC system using
test plans and procedures previously approved by the Government. The
Contractor shall provide all personnel, equipnent, instrumentation, and
suppl i es necessary to perform conmni ssioning and testing of the HVAC contro
system All instrunentation and controls shall be calibrated and the

speci fied accuracy shall be verified using test equipnent with calibration
traceable to NI ST standards. Wring shall be tested for continuity and for
ground, open, and short circuits. Mechanical control devices shall be
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adjusted to operate as specified. HVAC DDC control panels shall be
pretested off-site as a functioning assenbly ready for field connections,
calibration, adjustnment, and conm ssioning of the operational HVAC contro
system Control paranmeters and logic (virtual) points including contro

| oop setpoints, gain constants, and integral constraints, shall be adjusted
before the systemis placed on |ine. Communications requirenents shall be
as indicated. Witten notification of any planned conmi ssioning or testing
of the HVAC Control systens shall be given to the Governnment at |east 14
cal endar days in advance.

.5.3 Per f ormance Verification Test

The Contractor shall demonstrate conpliance of the HVAC control systemwith
the contract docunents. Using test plans and procedures previously
approved by the CGovernnent, the Contractor shall denonstrate all physica
and functional requirenents of the project. The performance verification
test shall show, step-by-step, the actions and results denonstrating that
the control systens performin accordance with the sequences of operation
The performance verification test shall not be started until after receipt
by the Contractor of witten perm ssion by the Governnment, based on

CGover nrent approval of the Comm ssioning Report and conpl etion of

bal anci ng. The tests shall not be conducted during schedul ed seasonal off
peri ods of base heating and cooling systens.

.5.4 Endur ance Test

The endurance test shall be used to denonstrate the specified overal
systemreliability requirement of the conpleted system The endurance test
shall not be started until the Governnent notifies the Contractor in
witing that the performance verification test is satisfactorily

conpleted. The Government may termnate the testing at any tine when the
systemfails to performas specified. Upon termnation of testing by the
Governnent or by the Contractor, the Contractor shall comrence an
assessment period as described for Phase Il. Upon successful conpletion of
the endurance test, the Contractor shall deliver test reports and ot her
docunentati on as specified to the Government prior to acceptance of the
system

a. Phase | (Testing). The test shall be conducted 24 hours per day,
7 days per week, for 15 consecutive cal endar days, including holidays, and
the system shall operate as specified. The Contractor shall nake no
repairs during this phase of testing unless authorized by the Governnent in
writing.

b. Phase Il (Assessnent). After the conclusion of Phase I, the
Contractor shall identify failures, determ ne causes of failures, repair
failures, and deliver a witten report to the Government. The report shal
explain in detail the nature of each failure, corrective action taken
results of tests perforned, and shall recommend the point at which testing
shoul d be resuned. After delivering the witten report, the Contractor
shal | convene a test review neeting at the jobsite to present the results
and recommendations to the Governnent. As a part of this test review
neeting, the Contractor shall demonstrate that all failures have been
corrected by perform ng appropriate portions of the performance
verification test. Based on the Contractor's report and test review
neeting, the Governnment may require that the Phase | test be totally or
partially rerun. After the conclusion of any retesting which the
Covernment may require, the Phase Il assessnment shall be repeated as if
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Phase | had just been conpl et ed.
.5.5 Post ed and Panel Instructions

Posted and Panel |nstructions, showing the final installed conditions,
shal |l be provided for each system The posted instructions shall consist
of | ami nated hal f-size drawi ngs and shall include the control system
schemati c, equi pnent schedul e, sequence of operation, wring diagram
conmuni cati on network diagram and val ve and danper schedul es. The posted
i nstructions shall be permanently affixed, by mechanical neans, to a wall
near the control panel. Panel instructions shall consist of |am nated
letter-size sheets and shall include a Routine M ntenance Checklist and
as-built configuration check sheets. Panel instructions and one copy of
the Qperation and Mii ntenance Manual s, previously described herein, shal
be pl aced inside each control panel or permanently affixed, by nechanica
nmeans, to a wall near the panel.

.6 TRAI NI NG
.6.1 Trai ni ng Course Requirenents

A training course shall be conducted for 6 operating staff menbers
designated by the Contracting Oficer in the maintenance and operation of
the system including specified hardware and software. The training
period, for a total of 32 hours of normal working time, shall be conducted
within 30 days after successful conpletion of the performance verification
test. The training course shall be conducted at the project site.
Audi ovi sual equi pnent and 6 sets of all other training materials and
supplies shall be provided. A training day is defined as 8 hours of

cl assroominstruction, including two 15 m nute breaks and excl udi ng

[ unchtinme, Monday through Friday, during the daytime shift in effect at the
training facility.

.6.2 Trai ni ng Course Content

For gui dance in planning the required instruction, the Contractor shal
assume that attendees will have a high school education or equivalent, and
are famliar with HVAC systens. The training course shall cover all of the
material contained in the Operating and Mai ntenance Instructions, the

| ayout and | ocation of each HVAC control panel, the |ayout of one of each
type of unitary equi pnent and the |ocations of each, the location of each
control device external to the panels, preventive maintenance,

troubl eshooti ng, diagnostics, calibration, adjustnent, conmi ssioning,
tuning, and repair procedures. Typical systens and simlar systems may be
treated as a group, with instruction on the physical |ayout of one such
system The results of the performance verification test and the
calibration, adjustnment and commi ssioning report shall be presented as
benchmar ks of HVAC control system performance by which to nmeasure operation
and mai ntenance effectiveness.

-- BEnd of Section --
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